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ON THE VALUE OF AN ANTIBIOTIC SUBSTANCE OF 
BACTERIAL ORIGIN IN THE TREATMENT OF SEED 


J. Je Goodman 


INTRODUCTION 


The subject of microbial antagonism is almost as 
old as microbiology itself. Many reviews have been written 
on the whole subject, the most recent and complete one by 
Waksman (36). Hoogerheide (15) has reviewed antibiotic sub-~ 
stances produced by soil bacteria. 

The work reported here resolves itself into two 
main sections. The first deals with the isolation and 
purification of an antibiotic from a soil bacillus and 
with factors affecting its production. The second describes 
work done on the use of this antibiotic in the control of a 
seed=-borne plant pathogen, namely Xanthomonas translucens 
(J. J. and R.) Dowson, which causes Bacterial Blight of 
barley. No general literature review will be given, but 


pertinent references will be cited throughout. 
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THE ANTIBIOTIC SUBSTANCE 


SOURCE OF THE ANTIBIOTIC 


Source of Isolates 


Soil has been a fruitful source of antagonistic 
microorganisms and was largely employed as such in this 
study. Serial dilutions up to 1:100,000,000 of Edmonton 
black soil were plated out on potato-dextrose agar. Plates 
were then sprayed with a water suspension of one of two 
organisms: Xanthomonas translucens f.sp. hordei-avenae 
(J. J. and R.) Dowson emend. Hagb., hereinafter referred to 
as Xan. 190; and the second, a culture of Pseudomonas 
coronafaciens (Elliot) Stapp, used by S. Goto (11). Soil 
organisms showing antagonism to either of the test organisms, 
as evidenced by a sterile halo around them, were isolated 
and kept in pure culture on potato-dextrose agar slants. In 
all, forty more or less antagonistic organisms, including 
four Actinomycetes, eight Penicillia, and the remainder 


bacteria, were isolated. 
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Preliminary Choice of Isolates 


To narrow down the number of isolates, a pre- 
liminary selection was made on two bases: (1) on the anta- 
gonism to Xan. 190, and (2) on the phytotoxic effect. 

For the first, the isolates were streaked on potato- 
dextrose agar plates and allowed to incubate at 25°C. until 
some growth was made. The plates were then sprayed with a 
water suspension of Xan. 190 and allowed to incubate for 
several days. The width of the sterile zone around the 
isolate was taken as a measure of its activity. Since most 

f the isolates were originally chosen on this basis the 
majority of them were active to a greater or lesser extent. 

Two methods of determining the phytotoxic effect 
of the isolates were used. In the first, seeds of wheat, 
oats, and barley, were placed between two sheets of filter 
paper in a Petri plate. Ten seeds were used per plate. 
Three ml. of 5% bran-extract medium, in which the isolate 
had been growing for nine days, were then added to the Petri 
plate along with 3 ml. of water. The plates were incubated 
at 25°C. for three days, after which notes on germination 
and average shoot length were taken. According to the 
second method, the isolates were streaked on potato-dextrose 
agar in plates containing 15 ml. of agar, and incubated at 


25°C. for four days. Twenty-four-hour-old, sterile seedlings 
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of wheat and acid hulled barley were then placed on the agar 
10 to 15 mm. away from the growing colony. Five seedlings 
of wheat were placed on one side and five of barley on the 
other side of the colony. After 48 hours the seedlings were 
observed for growth and for root abnormalities. 

On the basis of antagonism to Xan. 190 and the 


preliminary phytotoxic tests, five isolates were chosen for 


further study*. 


Selection of A32 


It was soon realized that we could afford to con- 
centrate our efforts on only one of the five isolates. 
The criterion of choice was to be the effect of staled 
medium--i.e¢. medium in which the isolate had grown--on the 
germination of surface-sterilized wheat and its effect on 
the root length of the subsequent seedlings. The five iso- 
lates were grown for several days on a 5% bran-extract 
medium. The staled medium was then autoclaved for 10 
minutes and made up to various dilutions with sterile dis- 
tilled water. Ten ml. of each dilution were added to Petri 


plates fitted with filter paper and containing 50 seeds each. 


* The isolation and preliminary work on the various isolates 
was done by Mr. A. W. Jackson whose direction and help in 
the early part of the project are gratefully acknowledged. 
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The plates were incubated at 25°C. for three days, after 
which the germination and the length of the longest root 
on the germinated seeds were recorded. The results are 
presented in Table I. 

The figures given in Table I do not present the 
complete picture since many of the seedlings germinated, 
yet did not have measurable roots. This is especially the 
case where undiluted staled medium was used. The number 
of seedlings with measurable roots in the undiluted series 


was as follows: 


Number of seedlings 
with measurable 


Isolate roots 
A32 Sl 
A47 16 
A45 16 
A61 4 
A65 5 


These results, taken together with those in Table 
I, show that A32 is relatively non=-phytotoxic. To con- 
firm this, a test similar to the first one was carried 
out using unsterilized staled A32 medium only. Both root 
and stem length, as well as the germination, were measured. 


The results are presented in Table II. 
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TABLE II 


Percent germination and average root and stem 
length in mm. of wheat grown in 
unsterilized staled A32 medium 


Dilution 6 germination Root length Stem length 
H50 (check) 70 441 2565 
1/10 unstaled 

medium 63 50.0 25 04 
Whole staled medium 66 25 04 20.9 
1/10 staled medium 69 51 6 22.0 
boy 3 . 70 40,6 - 24.3 
Treo. * . 57 35.9 22.8 
1/250 * . 66 39.0 22.0 
1/500 " rt 68 41.0 26,0 


The results of the second test confirm the non-= 
phytotoxie effect of A52. This, coupled with the fact that 
it was very active against Xan. 190, led to its being chosen 


as the isolate for detailed study. 


Identification of A32 


A32 is a Gram-positive, obligately aerobic, spore-~ 
forming bacillus. It grows as single rods or sometimes in 


chains. Cells are 2.4</ to 5.9% by 0.44/ to 0.buy - Spores 
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are ellipsoidal, central to sub-central, 1.24 to 1.84 by 
0.647. After incubation for 18 hours at 35°C. on potato- 
dextrose agar, it forms an abundant, dull, opaque, brownish 
colony with a rough, ground-glass-like topography. The 
growth over the slent is flat and fairly adherent. Gelatin 
is liquefied after four days at room temperature. Hydrogen 
sulphide production, methyl-red, and indole tests are nega~ 
tive. Voges-Proskauer test is positive. Starch hydrolysis 
is positive. No gas is produced. pH values after 4 days! 
incubation at 35°C. indicate acid production from glucose, 
maltose, fructose, mannose, nutrose, and probably from 
mannitol (21). These biochemical “epee ence place A32 
in the B. subtilis group. It was later identified by Dr. 

N. R. Smith of the U.S.D.A. as a typical rough strain of 
Bacillus subtilis. Through the National Research Council a 
culture of B. subtilis N. R. Smith No. 251, used in the pro- 
duction of subtilin (17) was obtained. A comparison between 
A32 and No. 231 is given in a subsequent section. 

Since A52@ is B. subtilis it is not surprising that 
it shows antibiotic properties. Cértain strains of this 
species have been known for many years to be antagonistic 
to a number of pathogenic and non-pathogenic bacteria and 
fungi. The early literature is given in (17). Olivier (26) 
suggests that the biological properties of B. subtilis may 
have clinical applications. The production of dtbiett cp 
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from B. subtilis as from other organisms is very dependent 
upon the strain of organism used. Jansen and Hirschmann (17) 
obtained no activity against any of the test organisms 
employed when they used a strain of B. subtilis other than 
their subtilin strain. Another antibiotic from B. subtilis 
was obtained by Johnson, Anker and Meleny (18), while still 
another antibiotic from a third strain was obtained by 
Foster and Woodruff (7). In order that comparwgens may be 
made, it is important for the investigator to characterize 
the strain he is working with. It seems very evident from 
recent work that different strains of a given organism may 
be as fruitful a source of new antibiotics as is an entirely 
different species. In spite of the well known antagonistic 
property of B. subtilis no report has come to my attention 


of its use in the field of plant pathology. 


FACTORS AFFECTING THE PRODUCTION OF THE 
ANTIBIOTIC OF A32 


Methods of Assay 


Early in the investigation the streak method noted 
above was used to assay the activity of the isolates. With 


the selection of A32 the agar=-cup technique was used to 
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measure activity. This technique consists in removing a round 
block of agar from a Petri plate seeded with the test 
organism-~in this case Xan. 190-~-by means of a flamed cork-~ 
borer. Into the "well" thus formed was pipetted a measured 
amount of the fluid to be tested. The activity was determined 
by measuring the size of the sterile zone or halo around the 
well. The method has drawbacks in that such plates need care 
in handling in order not to spill any of the fluid in the 
well; and there is also a great deal of opportunity for con- 
tamination both in the making of the well and in the pipetting 
of the liquid into it. 

Early in the study, therefore, the paper-disc, 
agar=plate method of assay was adopted. The method was 
suggested by Vincent and Vincent (33). It has been found by 
deBeer and Sherwood (2) to give standard reproducible results 
comparable to those obtained by other methods. Filter paper 
discs 14 mm. in diameter were cut with a cork-borer from No.l 
Whatman filter paper. These discs were then sterilized in 
the autoclave and allowed to dry before being used. Test 
plates were seeded, each with 1 ml. of a suspension of Xan. 
190, in sterile distilled water. No attempt was made to 
standardize the number of organisms in the suspension, though 
it was kept relatively constant by use of a standard loopful 
of Xan. 190 in 10 wily of water. To the 1 ml. of suspension 
Xan. 190 were added 10 ml. of melted, cooled copes ee agar .* 


* 3 gm. Difco Beef extrect, 5 gm. Difco peptone, 15 gm. agar, 
1000 ml. distilled H,0. 
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The agar was kept in tubes in 10-ml. lots and was melted and 
poured into the plates just before testing. After the cooled 
agar was added to the plates they were swirled around to dis- 
tribute the test organism and then set aside to harden. 
Immediately the agar had sufficiently hardened the discs 

were applied. A disc was grasped with a pair of pointed 
forceps and dipped into the solution to be tested. Excess 
solution was allowed to drain off by touching the disc against 
the side of the vessele The disc was then placed on the sur- 
face of the agar. Four discs were thus placed in each plate, 
though in some cases three were used. The forceps were 
flamed between the application of each dise and the cover of 
the test plate was lifted just high enough to allow the disc 
to be inserted. The plates were then incubated at 30°C. for 
18 to 24 hours. The width of the halo was measured to the 
nearest mm. and this gave a measure of the activity of the 
fluid tested (Figure 1). Certain additional factors were 
found to affect the size of the halo. These are discussed 
separately later. To test the activity of solids, powders, 
etce, Similar plates were prepared. Bits of the material 
were picked up on the end of a flamed loop and placed on the 
surface of the agar, or drawn across it in the form of a 
crosse This gave a ee eos and a rough quantitative test 
for solid material, which was all that was desired in most 


cases. Mention will be made in the text where the method of 
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agar=plate paper-disc technique using 
Xan. 190 as the test organism 
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assay was varied. 


Effect of Various Media on the Growth and 


Antibiotic Activity of A32 


Bran Extract Media 


In the early part of the investigation a 5% bran- 
extract medium was used. This medium was made as follows: 
to 50 gm. of bran was added enough distilled water to make 
up 1 litre. This mixture was then autoclaved for 10 minutes 
at 15 lb. pressure. The resultant mash was then filtered 
through several layers of cheese-cloth and the liquid made 
up to 1 litre. Lots of the medium were then dispensed in 
shallow layers into Erlenmeyer flasks and sterilized for 20 
minutes at pressure. Bran medium was found to produce a 
thick pellicle of growth of A32 when incubated 3 to 4 days 
at 35 °C., and erewed very favorable for the production of 
antibiotic activity. 

To see whether various carbohydrate and nitrogen 
compounds added to the bran-extract medium would improve it 
for antibiotic production, the following were added separately 


to the medium: 
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Nitrogenous substances added Carbohydrate added at 

at the rate of 0.1% the rate of 0.5% 
NaNOz Dextrose 

(NH4 )oSO4 Mal tose 

Urea Sucrose 

Difco Peptone Lactose 

Difco Tryptone Fructose 

Difco Yeast Extract Galactose 

, Check 


The flasks were inoculated and allowed to incubate 
at 35°C. for 5 days. Their contents were then tested for 
activity. None of the above materials added singly increased 
the activity greatly, though there were slight differences. 
The materials containing organic nitrogen increased the 
activity most, with Tryptone appearing to be the best in this 
respect. Of the added sugars, sucrose gave the best results. 

The effect of concentration of bran in the medium 
was also tested. A 2.5%, 5%, 8%, and 10% bran-extract medium, 
with Tryptone at the rate of 0.1% and sucrose at the rate of 
0.5% added, end tested for production of activity. There was 
a definite increase in activity as the concentration of the 
bran extract increased, with 10% giving the highest activity. 
For most of the work with bran-extract media, however, the 5% 


concentration was employed. 
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Corn-Steep-Liquor Medium 


A32 was found to produce good growth on a 5% corn= 
steep-liquor solution adjusted to a pH of 6.5 to 7. Such a 
staled medium, when tested, was found to have no activity 
against Xan. 190. The addition of Dextrose at 0.5 gm./100 ml. 
to this medium resulted in growth and activity. It would 
appear that the amount of growth does not affect the produc- 
tion of the antibiotic. This will be brought out more clearly 


in tests described below. 


Czapek-Dox Corn-Steep-Liquor Medium 


This medium taken from Burkholder and Sinnot (5) 
consisted of the following: 
NaNOz Scivicicisie es LieO.) Elie 
KHoPO4 «eee 120 gm. 
KGL cccccccece Ood gm 
7 MgSO,.7H50 ..- 0.5 gm. 
FeSO, Giciciclercicie Ce Oly ole 
Dextrose eevee 40 gm. 
Corn Steep Liquor 20 gm. 
Distilled water to make up 1 litre 
This medium encouraged the growth and the activity of A352. 
Media containing corn-steep-liquor were rather dif- 


ficult to handle because of the necessity of pH adjustment, 
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and also because of the viscous nature of the liquor. For 
the extraction studies too, a chemically defined medium was 
more desirable than bran-extract media and those containing 


corn-steep liquor. 


Chemically Defined Media 


Media used in the production of tyrothricin (6), 
streptothricin (35), and subtilin (17) were slightly modi- 
fied and tried for growth and production of the antibiotic 
activity of A32. The media were made up as follows: 

1. Modified tyrothricin medium 

Gelatin - 1% 
MgSO,+7H20 = 0.05% 
KHaP04 - 0.2% 
NaCl - 0.5% 
Difco Yeast Extract - 1 gm. 
Distilled water 
2e Modified streptothricin medium 
Dextrose - 10 gm. 
Tryptone - 5 gme 
KoHPO, = 0.5 gm. 
NaCl - 0.5 gm. 
Feso, - O.l gm. 
Distilled water = 1000 ml. 
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Se Modified subtilin medium 
MgSO4-7Hp0 - 0.5 gm. 
KCl = 0.5 gm. 
KoHPO, = 1.0 gm. 
Dextrose = 50 gm. 
Asparagine - 0.3% 
Distilled water = 1000 ml. 


Fifty ml. of medium were dispensed in each of five 
250 ml. Erlenmeyer flasks and sterilized. A332 was then added. 
Notes on growth were recorded on the third and sixth days of 
incubation at 35°C. The activity of the staled medium was 
tested on the sixth day. The results were as follows: 

Tyrothricin medium: There was only a thin pellicle 
of growth on both the third and sixth days. The average 
activity* against Xan. 190 was 4.5 mm. 

Streptothricin medium: There was a thin pellicle 
of growth not quite over the whole surface of the medium 
on the third daye On the sixth day the pellicle was 
thick and wrinkled, but still had not covered the whole 
surface. The activity against Xan. 190 was 9.5 mm. 

Subtilin medium: The growth was thick and wrinkled 
on the third and sixth days. The activity against Xan. 
190 was 11.5 mm. 

The two media showing the most activity were each 


‘bulked and extracted by the n-butanol method (discussed under 


= Average activity is the average of 4 discs for each of the 
5 flasks of medium. 
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Extraction Studies). The staled streptothricin medium 
yielded a butanol extract of 13 mm. activity, and the staled 
subtilin medium one of 13.5 mm. The n-butanol method made a 
complete job of extracting the staled subtilin medium but not 
of the streptothricin medium. On the basis of activity pro-~ 
duced and ease of extraction, it was decided to adopt the 
modified subtilin medium. It differs from the medium of 
Jansen and Hirschmann (17) only in the substitution of dex-~ 


trose for sucrose and in its lack of trace elements. 


Effect of Asparagine Content on the Activity Produced in the 
Modified Subtilin Medium 


At the time this work was being done the supply of 
asparagine in the laboratory was quite low and it seemed 
desirable to know whether good growth and activity could be 
obtained in a medium of lower asparagine content; and also 
“we thor aspartic acid could be substituted. Flasks of modi- 
fied subtilin medium containing different percentages of 
asparagine or aspartic acid were made up, sterilized, sown 
with A352, and incubated for several days at 35°C. Two flasks 
of each percentage were tested. The activity was measured 
in two test plates each with four discs, for each flask. 

The results, presented in Table III, are thus an average of 


16 dises. 
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TABLE III 


Growth and activity of A32 in a modified 
subtilin medium containing varying 
percentages of asparagine 


Asparagine, % Growth Activity (in mm.) against Xan.190 


0,0 @) @) 

0.005 @) ‘@) 

6.61 + 4,5 
0.02 ++ Teo 
0,903 ++ 7 eS 
0,04 ++ 74 
0.05 +++ 8.9 
0.08 ++ So 
Ol eet 84 
6,15 +++ Sige 
0.2 +++ 8.4 
0.25 tt+++ Bed 
0.5 ++++ 8.0 

Aspartic Acid 

0.02 ++ Bel 
0.05 ++ Bed 


In the results of the individual flasks it was noted 
that there was a close correlation between growth and activity 
only until a certain level of growth was reached, after which 
there did not seem to be much increase in activity. The results 
wee that aspartic acid may Belanbatl bared for asparagine. 

For purposes of economy (at the time) the .03% level of 
asparagine was adopted for subsequent work. This medium will 
be referred to hereinafter as .03% asparagine medium. It 


has served very well for our purposes as long as there was 
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a good "catch" with enough growth to cover the surface of the 


medium. 


Effect of Aeration of Medium on the 


Antibiotic Activity of AS2 


Since A32 is an aerobic organism, the amount of 
exposed area in relation to the volume of the medium--i.e. 
the aeration--would be expected to affect the activity. Most 
antibiotics are produced in shallow layers of medium, or 
else the medium is artificially aerated. It had been noticed 
that shallow layers of medium gave the highest activity with 
A52. Several tests were run in this connection. 

Early in the investigation 100 ml. of 5% bran- 
extract medium were dispersed in Erlenmeyers varying from 
125 to 1000 ml. capacity. The flasks were inoculated and 
incubated at 35°C. for four days. Though there was a similar 
amount of surface growth in all the flasks, there was greater 
activity in those with shallow layers of medium. 

A more extensive test, using a .03% asparagine 
medium was carried out. Different amounts of medium were 


dispersed in 250-ml. Erlenmeyer flasks as follows: 


Flask no. Amount of medium Depth of medium 
fis Go ml 2 mm. 
2 50 ml. 6 mm. 
3 So mi. 12 mm. 
4 160) mL. 22 mm. 
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The flasks were inoculated and incubated at 30°C. for seven 
days, after which the activity of the cultures was tested. 
They were put back at 30°C. and the activity tested every 
day for 12 consecutive dayse The results are presented in 
Table IV and shown graphically in Figure 2. They represent 


an average of 8 discs at each depth. 


TABLE IV 
Effect of depth of medium on activity (m.) 


Depth . Age of culture in days 
of 


‘medium 7 8 9 TD* 3 12 135 14 15 16 Ey. 18 
2mm. 907 9.7 10.7 10.5 12.0 11.4 11.4 

6 mm. 7.6 9,210.2 9.9 11.2 9.7 9.7 1069 11.24 11.5 10.1 1027 
12 mm. 6.1 607 864 7.462 1066 9.7 967 1069 10.6 10.9 967 10.4 


oe mh, 4.4 £€.5 4e7 600 Fel 569 5.9 6.9 Co! FeO 9-2 9.6 


Though these results are based upon only one flask 
at each depth, they clearly show that shallow layers of 
medium are more effective than deep ones. Had more flasks 
been used the minor day-to-day variations would very likely 
have been smoothed out. One objection to the foregoing test 
might be that different amounts of medium were used at each 
depth. It will be noted, however, that the 22-mm. series, 


which contained the greatest amount of medium, consistently 
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Effect of depth of medium on the activity 
of B. subtilis AS2 cultures 


re 


gave the lowest activity. 

A second test using a constant amount of medium 
was carried out. A .03% asparagine medium was dispensed in 
100-m1. portions into a series of Erlenmeyer flasks of dif- 


ferent sizes, as shown below: 


Size of flask Amount of medium Depth 
125 mi. 160 mi. 40 mm. 
200 " " 25 W" 
300/ * ; 1 20 1 
500 * n 3" 

1060, * it 10 " 


Two flasks of each size were inoculated with A3é2 
and were incubated at 30°C. for four days, after which read-~ 
ings of activity were begun. Each figure presented in Table 


V and in Figure 3 represents an average obtained from 16 discs. 


TABLE V 


Effect of depth of medium on activity (mm.) 


Depth Age of culture in days 
Size of of 


flask medium * 6 8 10 14 18 22 Ae 


125 ml. 40 mm. ° 
200 ™ 25 * 
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Figure 3 


Effect of depth of medium on the activity 
of B. subdtilis A352 cultures 
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It appears very evident that the greater the sur- 
face area exposed in relation to the volume of medium, the 
greater is the activity produced in the culture. This may, 
however, be entirely due to an actually greater amount of 
growth where there is more area exposed, rather than to the 
effect of aeration per se. To confirm whether it was an 
aeration effect, one would have to aerate deep cultures 
artificially with sterile air, or else employ a constant 
shaking machine. We were not equipped with this type of 
apparatus and had to employ stationary cultures. For such 
cultures at least the shallower the layer of medium the 
greater is the activity of the culture over a period of many 


days. 


Effect of Temperature and Period of 
Incubation on the Antibiotic 
Activity of A32 


In the first test, .03% asparagine medium, at the 
rate of 50 ml. per flask, was added each day to twelve 200- 
ml. Erlenmeyers and inoculated with A32. Three flasks were 
incubated at each of 25°, 30°, 35°, and 40°C. This process 
was carried on for 12 days. On the 12th day, therefore, 
there were cultures at each incubation temperature from O to 


12 days old. On the 12th day each culture was tested for 
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activity. Eight discs were used for each flask. The figures 
presented in Table VI are averages based on 24 discs (3 flasks 


x 8 discs). 


TABLE VI 


Effect of temperature and period of 
incubation on activity (m.) 


Period of Temperature 
incubation 
days 250° 30° 35° 40° 
2 = Sow 712° 509 
3 4.9 Be2 6.8 504 
4 6.8 8.35 Bel ~ 
S) lise 10.2 6.9 Died 
6 baad 10.2 — 74 
in ” 10.2 C—) -= 
8 9.4 9.5 8el 9.9 
9 10.8 9.45 9.2 = 
10 - = = = 
12 eS 967 94.5 —d 
12 1329 10.58 9.6 = 


Results of this test were quite erratic in that 
many cultures did not "catch" and others that grew showed 
only little activity. ‘Many that were obviously out of line 
were not included in the table. Other plates in this test 
became badly contaminated and were not included. Another 
error may have arisen through the use of fresh lots of 
medium made up as the test proceeded. These may have varied 


somewhat. The results of this preliminary test are pre- 
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sented, however, because they seem to point to the fact that 
temperature of incubation is important, especially in the 
first few days of growth. At a lower temperature it takes 
longer for a peak activity to be reached, while at a tempera- 
ture above 35° the peak activity is not as great as at lower 
temperatures. The results in the individual flasks also 
showed that as soon as growth began there was activity in 
the culture. This would tend to indicate that the antibiotic 
from A32 is elaborated during growth and is not a breakdown 
product of the cells. This observation seems to be confirmed 
by another characteristic often noted. This was that when 
test plates of Xan. 190 accidentally became contaminated with 
A32 small halos were evident around the colony even if the 
colony were the size of a pinhead. The results in Table IV 
are presented to give a picture of the general trend. 

A second test was carried out in the following 
manner: four 2-litre flasks, each containing 500 ml. of 
.03% asparagine medium, were inoculated with A32. One flask 
was incubated at each of 25°, 30°, 35°, and 40°C. As soon 
as growth was evident the cultures were tested for activity 
every day, using four test plates per flask per day. Readings 
were taken until the activity reached a low figure for each 
flask. The results are presented in Table VII and in Figure 


4, They are average readings over five-day intervals. 
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TABLE VII 


Effect of temperature and length of 
incubation period on activity (m.) 


Period of Temperature 
incubation 
(days) 250 30° 35° 40° 
0-5 66 847 906 963 
6 = 10 9.7 11.9 11.0 967 
Ll. = Ts 10.4 11.65 LO~e 7 7 o4 
16 20 9,9 10.7 8.8 Syl 
real 25 9.8 9.3 Wee Lee 
26 = 30 8.8 9.5 6.6 
ol = 35 Vel 4.8 Se 
36 — 40 Tent. Zell 200 
41 = 45 "rot 


Combining the results into five-day periods 
levelled off the slight daily variations due to experimental 
error. An examination of Table VII shows the peak activity 
to be reached between the sixth and tenth days at 30°, 35°, 
and 40°C... whereas at 25°G. the peak is reached somewhat 
later after which the activity begins to go down, falling 
much more rapidly at the higher temperatures, the 2506s 
series still showing an activity of approximately 7.7 mm. 
at 45 days. The 25°C. senilos was kept on after the termina- 
tion of the test and it still showed an activity of around 
7 wm. at 60 days. 

One of two factors might cause this inactivation 
of the culture. The active materiel being elaborated 


during the early stages of growth of the culture might be 
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inactivated by breakdown products of the culture. The other 
factor might be a loss of activity due to prolonged exposure 
to higher temperatures, since other tests too show its rela- 
tive stability at lower temperatures. 

To test these hypotheses the following test was run: 
Two 500-m1. flasks, each containing 100 ml. of .03% asparagine 
medium, were inoculated with A32 and incubated at 30°C. for 
eight days. Both cultures were then tested for activity. 
One of the cultures was then extracted with n-butanol (dis- 
cussed under Extraction Studies). The butanol extract and 
the remaining culture were put back at 30°C. and the activity 
of each was tested at intervals. The results are presented 


in Table VIII and in Figure 5. 


TABLE VIIT 


Activity (mm.) of A32 culture and butanol 
extract when kept at 30°C, 


Period of Activity 


incubation 
(days A352 culture Butanol extract** 

8 10* 15.0 
13 10 10.9 
iy Vet 8.6 

21 9el 8.6 
25 Se7 8.4 
30 8.9 Ge0 
55 8,4 9.0. 
39 8.1 7.5 


* Cultures in both flasks showed an activity of 10 mm. 


** The butanol extract, though just freshly extracted, 
was considered to be as old as the culture when the 
readings were begun. 
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13 \ A32. CULTURE FILTRATE 
1?) a BUTANOL EXTRACT. 


ACTIV/TY¥, MM. 


AGE, DAYS. 


Figure 5 


Activity of B. subtilis A32 culture and_a butanol 
extract from it, when kept at 30°C. 
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In this test it was assumed that the butanol 
extract would contain few if any breakdown products, where- 
as the culture would go on accumuleting them. Any parallel 
decrease in the activity of both extract and culture would 
be due thus to a time-temperature effect. An examination of 
Table VIII and Figure 5 shows that this was the case. 

Except for the big drop in the activity of the extract 
immediately it was placed at S0° Cs: the culture and extract 
follow quite a parallel course, with less than 1 mm. differ- 
ence between them. Since measurements were made only to the 
closest mm. the differences are not considered significant. 
The difference of 10 mm. to 15 mm. on the first day might 
also be interpreted on the basis that the culture at that 
time was 8 days old, whereas the extract was actually 1 day 
old, even if it were taken from an 8-day-old culture. It 
would poeatbenoeerore! that the gradual decrease in activity 
of the earlier tests is not due to an interaction between 
the active principle and breakdown products in the culture, 


but rather to prolonged exposure to elevated temperatures. 
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STUDIES ON EXTRACTION AND PURIFICATION 


OF THE ANTIBIOTIC OF A32 


Exploratory Methods 


Early in the investigation extraction studies were 
begune Different methods at one time or another eomed 
promising but were abandoned when other methods were found. 
Though much of this exploratory work yielded no satisfactory 
extraction method, it will be presented since it may prove 
useful in any future chemical studies. 

It was found that Nuchar, an activated charcoal, 
when mixed in small amounts with staled 5% braen-extract 
medium for 10 to 15 minutes, completely removed the active 
principle from the medium. Little or none of the activity 
could be removed from the Nuchar by any of the following: 
chloroform, acetone, ether, petroleum ether, benzene, or 
xylene. Buffered phosphates did remove some of the activity. 

Several ether extractions of staled bran-extract 
medium, using a total of about 10% ether yielded an active 
amber=colored solution with some activity. Saturation of 
the staled media with table grade NaCl was of some benefit 
in the extraction, but a great deal of activity still 


remained in the medium. The activity and color of the 
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ether extract could mostly be removed by a column of 1 to l 
alumina and super-cell. The column released some of the 
active material onto test agar but it retained a great 
deal of it even after repeated ether or phosphate buffer 
extractions. 

Acidifying staled bran media with concentreted HCl 
below its normal pH of approximately 6.5 had no effect on the 
efficiency of ether extraction. It was noted, however, that 
a precipitate formed at a pH of 4 to 5. This precipitate 
proved fairly active and the staled media less active after 
precipitation than before. 

Some work was done on dried acid precipitate. It 
was found that 5 or 6 extractions of the precipitate with 
acetone removed most of its activity, while evaporation of 
the acetone extract yielded a fairly active oily material. 
Ethyl alcohol (70%) and ether, especially with some alcohol 
added to it, would also remove some of the active material 
from the acid precipitate. Several extractions of the finely 
ground precipitate with small amounts of solvent were found 
to be more effective than extrection with a larger amount of 
solvent. 

For a time the following method of extraction of 
Staled bran-extract media seemed to show some promise: 

1. Precipitate with concentrated HCl and dry the precipitate; 


2e Grind the precipitate to a fine powder, extract several 
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times with small amounts of ether plus 70% ethyl alcohol; 

3. Evaporate the extract under a partial vacuum. This 
yielded a brown, oily liquid which was quite active; 

4. Dissolve the liquid in very dilute warm HoSO0O4. Cool and 
extract several times with ether; 

5. Add one or two volumes of petroleum ether to the ether 
extract». Evaporate. 

On evaporation a brown, gummy substance, showing a 
great deal of activity, remains. Though this method yields 
an active fraction it falls down in that the original acid 
precipitation does not completely remove the activity from 
the staled medium, nor do several ether extractions com- 
pletely remove the activity from the acid precipitate. 

It was found that if tannic acid were used to pre- 
cipitate staled bran-extract media or media containing corn- 
steep liquor, a much finer precipitate resulted than when 
HCl was used. Several extractions with 70% alcohol removed 
most of the activity from this precipitate. Evaporation of 
the alcohol extract yielded a largely inactive fraction. If, 
however, the alcohol extract were evaporated to a small 
volume at 25° to 30°C. , at reduced pressure, a precipitate 
formed The filtrate, if cooled in a freezing mixture of 
ice and NaCl, yielded still more precipitate. Repeated 
warming and cooling ten times still produced more precipitate. 


These precipitates were not very heavy but, on bulking and 
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testing them, they proved to be fairly active, the final 
filtrate showing only little activity. 

Acid precipitation of staled media is the first 
step in the purification of tyrothricin (6) and subtilin (17), 
after which the acid precipitates are extracted with alcohol. 
Upon the addition of 1% NaCl solution to the extracts active 
precipitates of tyrothricin or subtilin form. An attempt 
was made to use this method with A32. Upon the addition of 
the NaCl a slightly active precipitate was formed. The 
alcohol extract still remained active. 

None of the methods attempted in the exploratory 
work produced a complete extraction. Precipitation by HCl 
or tannic acid: still left active supernatant liquids. Pre- 
cipitation by tannic acid, though yielding a finer precipi- 
tate than HCl, required much more acid to produce complete 
precipitation, nor was the "end point" as sharp as when HCl 
was used. In both cases it appears as if it were mainly a 
precipitation of proteins in the medium which carry some of 
the active material down with them, rather than a precipita- 
tion of the active material as such. Further treatment of 
such precipitates with solvents still leaves active residues. 
Ether extractions of staled media, too, do not make a complete 


job. 
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Butanol Extraction Method 


In the purification of bacitracin (18), decanted 
staled medium is extracted with n-butanol. A preliminary 
test on staled 5% bran-extract medium, using butanol, yielded 
a very active extract. Checks showed pure n-butanol to have 
no antibacterial effect. The n-butanol extract when evaporated 
on a watch glass over a water bath, yielded a very active 
peewee material which, when ground and mixed with large amounts 
of Dixie Clay$ still remained quite active. Further tests 
using this method were undertaken. 

It was found that several butanol extractions removed 
almost all the activity from staled media. Concentrating 
staled media to a -sehise volume had no beneficial effect on 
extraction. Preliminary extraction with a small amount of 
petroleum ether took out none of the active material, but did 
seem to increase the efficiency of subsequent butanol extrac~ 
tion. Residual activity in the medium was believed to be due 
to dissolved butanol remaining in it, since butanol is soluble 
in water to the extent of about 8%. This butanol could be 
almost entirely removed by salting out with NaCl. fThis 
procedure completely removed all traces of activity from 


staled medium. 


* Obtained through the courtesy of the Naugatuck Chemical 
Division of the U. S. Rubber Company, Naugatuck, Conn. 
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The method finally adopted for extraction of staled 
media was as follows: The culture is filtered through 
cheesecloth or is decanted to remove the bacterial growth. 
The liquid is first extracted with a small amount of petro- 
leum ether. Enough n-butanol is then added to the medium so 
that a layer of it is formed on the top after the medium is 
shaken. This extract is removed in a separatory funnel. 

The medium is then extracted two or three more times with n- 
butanol. A total of about 15% of butanol is used. The 
medium is then warmed slightly and is saturated with table 
grade NaCl. This causes most of the residual butanol to 
separate out. The bulked butanol extracts contain all the 
active material, the residue being inactive. It is important 
to allow sufficient time for the successive butanol extracts 
to separate out. The amber-colored extract obtained by this 


‘method is hereinafter referred to as butanol extract. 


Use of Various Adsorbents 


Studies on various adsorbents voromendomtaren with 
two purposes in view. The first was to aid in any further 
purification studies, since Nuchar and alumina had shown 
some value in this respect in the early studies. The second 


was to find some inert carrier or dilvent for the active 
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material with a view to using it as a seed protectant. An 
early test (discussed under Stability Tests) had shown Dixie 
Clay to be a good diluent. 

The adsorbents were compared for the most part by 
passing staled medium or butanol extract through a column of 
each 4 inches long by one-half inch in diameter in an adsorp- 
tion tube made out of soft glass test tubes. The medium, or 
the extract, was allowed to percolate through the column but, 
when this percolation was too slow, the column was attached 
to a suction flask which was then abtnehed to a water-vacuum 
pump. The liquid coming through the column--here referred 
to as filtrate--was tested for activity by the usual paper 
dise technique. The columns were tested for activity by 
placing loopfuls of material or streaking some of it across 
test plates. All the materials tested were by themselves 
inactive. 

| In one experiment Savumde of Dixie Clay, Pyrax 
ABB*, and alumina were heated at 170°C. for 48 hours. Butanol 
extract was then put through the columns. The column of 
Dixie Clay soon became sticky and stopped any movement of the 
extract, and even when attached to the vacuum pump the ex- 
tract did not come through very readily. The filtrate had 


most of the color and activity of the original extract. The 


* Obtained through courtesy of R. T. Vanderbilt Co., Inc., 
New York, N.Y. 
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column, when tested, showed some activity, but this is 
attributable to the fact that it was very wet and still 
retained some extract on it. Pyrax ABB was as ineffective 
as was the Dixie Clay. The alumina, on the other hand, 
allowed the butanol extract to pass through very readily. 
The color was removed in the first half inch of the column. 
This colored part, when tested, released a good deal of 
activity onto the agar, the colorless part being inactive. 
The filtrate was completely inactive. 

A series of experiments on various adsorbents was 
run using staled 03% asparagine medium. In the first experi- 
ment the stale medium was put through originally dry columns 
twicee In the second, water was allowed to percolate through 
the columns after which they were sterilized in the auto- 
clave. In the third, all the adsorbents except Nuchar were 
heated to red heat in a crucible before being used. The 
results are summarized in Table IX. 

The efficiency of alumina and Nuchar as adsorbents 
had been indicated in the early extraction studies. This was 
confirmed by the foregoing tests. Preliminary tests had also 
shown soil to be a good adsorbent and this too was confirmed, 
both sterile and unsterile soil being effective in this 
respect. The efficiency of soil seems to be a property of 
the fine particles in it, rather than of the organic matter. 


This is shown by the fact that mixing black soil with sand 


et elnd tud .ydivites em@e beworde .beteet mex 

tfitte bas tow jm aad $2 tedd tost end ot er 
evisootien! es saw GA xetyT SSE mo tostixe omc 

| -oned tedto edt go ,soninwia edt “,vald etxid | 
eVitbse1 ytoev dasrordd seag o¢ toerdxe foretud e: 
emurfoo edd ‘to doat tied teait edd ot bevemer ‘esw 

to [seb boog 8 Benns.ee oosaed serw treq be: 
eevidosoti anisd S8g aveltcloo oft ytags ent oder 
-evitdosnt ¢vladelqmoo eaw of: 

eaw etiodroeds BOLTS Y LO edaaminoaxe to geftes A 
-Iseqxe teat? oft ni mst bom ci Mietaqes 260.) Kelnde 
ecu foo ¥xb yifsnts tro serait due BBW mulbom eled: 
dasowist efaloored o¢ bewolls naw sedew teeweeelee 
-oJns ont ot hestilvede etew odd foidw tedie as 

etow tafloul tqeoxs etnedroebs odd ffs ~bykadd echt s 
el! bear sited eaerua efdiours 8 ot tse ber 

- -XI, ofdeT mt ek beiiibe @: 
sinedyoebs ss tefoul bos erttnote to yoreloitie oedT 
esw eld? .selbute nottosndxe vies ond ik bedaoiber 
oels bed afeed vtmateierext seteot gatogetot ect yd 
~bemti'lwos esw ood elrit oe ere Bg od OF * 
eldd nt ovistootte gated Itoe elitedeny bas of. 

to ¥yJaeqorg s od a amweea [lose to yonetorite eit 


peak dé wie oatanamwin wre % mm tenn end ele aa fF arent a, Miao cEacanaah 


ye 9) = 


TABLE IX 


Comparative effectiveness of different adsorbents 
in removing the antibiotic of A352 


Activity* of filtrate (mm.) 
Experiment number 


Adsorbent iL eS 3} 
Original staled medium 9 9 , S) 
Pyrax ABB @) 6="7 4=5 
Dixie Clay 3 ee Ox ee 
Nuchar @) 225 6) 
Infusorial Earth #0 B=9 8-9 5-6 
Tale 2 5=6 O*ene 
Super-cell g 8=9 6='7 
Alumina ~ 1 (@) 
Unsterile Edmonton black soil 2 O @) 
Sterilized Edmonton black soil - O > 
Edmonton soil:Sand (1:1) = 7 =8 = 
Edmonton soil:Sand (1:2) = 6=7 = 


* Readings of activity are based on 8 discs 
** Dash indicates that that adsorbent was not tested 
*** Had to be sucked through with the vacuum pump. 


mauisea the efficiency greatly and also by the fact that heat- 
ing unsterile soil to red heat (Experiment 3), thus burning 
out the organic matter, did not reduce its efficiency. Dixie 
Clay and talc, if first heated to red heat, will remove the 
activity from staled media; they have the serious disadvantage, 
however, that they become quite sticky and that liquids pass 
through only with difficulty. Pyrax ABB, Super-cell, and 
Infusorial Earth #0, do not from these experiments show much 


promise as adsorbents. Materials such as Dixie Clay, Pyrax 
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ABB, and talc, might, however, be quite effective as inert 
carriers in a mechanical mixture, Dixie Clay at least having 
shown some promise as described under Stability Tests. 

A test was undertaken to determine the effectiveness 
of different types of soil in removing the active material 
from staled .03% asparagine medium. Two series were run: 

(1) the soil colwms were sterilized in the autoclave and 
a then allowed to dry thoroughly until they were quite 
porous before staled medium was put through; (2) the staled 
medium was put through the columns when they were still damp 
and fairly compact after autoclaving. A different lot of 
staled medium was used for each series. The results are pre- 


sented in Table X. 


TABLE X 


Comparative effectiveness of different soils 
in removing the antibiotic of A32 


Activity* of filtrate 


Soil Dry series Moist series 
Original staled medium Set 77 

Sand 640 Me) 

Brown prairie loam Ded trace 
Gray wooded 508 

Sandy loam 720 trace 
Edmonton black soil @) 0 
Edmonton black soil:Sand (1:1) = 3 


* Readings of activity are based on 8 dises. 
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It was noted that the staled medium went through 
the dry porous series very readily, with the exception of the 
Edmonton black soil through which it percolated slowly. It 
will be noted too that in the dry series the Edmonton black 
soil was the only one completely removing the activity from 
the staled medium. The medium percolated through all the 
soils in the moist series much more slowly, and it can be 
seen that the soils in this series are much more efficient. 
Any soil with a fine fraction in it seems to be effective; 
the higher the proportion of sand in it the less effective it 
is. The efficiency depends a great deal on how quickly the 
medium percolates through. Clay was also tested but it soon 
became sticky and let through very little medium in either 
series. The results for it are therefore not included in 


Table X. 


Further Purification Studies 


Since Nuch ar and alumina absorbed the activity 
from butanol extract, attempts were made to elute the active 
material from them in the hope of getting a purer fraction. 
Ethyl alcohol, both 70 and 90%, acidified or non-acidified 
were ineffective in removing any of the activity even after 
allowing the extraction to proceed for 24 hours. Ether 


removed some activity. The ether eluate, when evaporated, 
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yielded a thin layer of fairly active gummy material. Phos- 
phate buffers at pH's of 5.5, 6.2, 7.1, and 8.0, though 
removing some of the active material left a great deal of it 
on the alumina. Ordinary water was as effective as were the 
bufferse Sodium hydroxide, .01M. took out very little active 
material. 

Nuchar retains the active material very tenaciously. 
At no time was it ever observed to release any onto test 
plates. Alumina, though it retains the active material after 
repeated extractions, will still release enough onto the 
test agar to produce sterile zones. 

Other preliminary attempts to remove the active 
substance from butanol extract were also made. Water extrac- 
tion was found ineffective. In the extraction of bacillin 
(18) the butanol extract is concentrated by steam distilla- 
tion in vacuo. A test using steam distillation on the butanol 
extract from AS2 staled media was inconclusive though this 
method may have some possibilities. 

Dialysis through collodion membranes may offer some 
possibilities as a purification method. When butanol extract 
was dialysed against pure n-butanol, material which was both 
colored and active came through the collodion. A similar 
test dialysing staled .03% asparagine medium against water 
gave similar results. 

Butanol extract is the most active fraction thus 


far obtained. As was mentioned earlier, this extract can be 


ee eee lee ee et Le? ee ee cee a, er er eee 

dguodd .06@ ban .faS 8.8 .5.8 Yo e'lq te ete 
ti to [seb ¢sotg so dtel Isisetom evites eds te’ emoe 
ent exew en evitesite es asw tedew ytentbsO .waemton 


svitos sittil gtev tio toot a £0. ,ebinorbyd muastEbod 


Viewoloenes ytov [sitet sm eviitea. ond aeniatet tsdoun 
teet otno vos easeler ot bevresdo steve ci esw ¢ 
setts [eiteteam svitos ort por tachort tt cguont . soto! 
etd oto Aywons easefon Ilide Ilbw ,enohtostéxe 
Benes elitete couborq ot 

evitos ads evomier og etqmetis yusaimtlerq vedt0 
-ontéxe toda .eban oels stew FoOsIIxe Spee tent 
miffload to soidosatxe edd nl -ovisoetiont basso" 
-elfliteth mode yd Setsitmeonos ef tosaixe Siow die 
fonstsd ett co rotselfliteth msete sateen teet A .ogos 
elds rigsodt evtesilomeenl ail eibem belese SEA mor 
eats ti tdteaaog eon aved 1 

amon te1Tto0 yean gece tcderem noLbolfos Agvords ekeyis id 
Joetixe fonsiud cocdkW  boddom motteotitaue & es eel 
figod asw dotcw Ieitetean ae eTug Jentene bee 
telimte A .notbolLoo edd dayordt omeo evisos bs 
tetvaw tealsa8 suribem okighasges REO. belsta gatas 


,atiueer ta. 


« 45 «@ 


evaporated to dryness over a water bath, after which it can 
be scraped off to give a good yield of an active brown 
powder. Tests show it to contain both nitrogen and sulphur* 
though there has been no consistency in the amounts between 
two different lots of powder prepared in this way. 

At this point some of the differences between the 
antibiotic from A352 and those isolated from other B. subtilis 
strains, as far as extraction methods are concerned, can be 
assessed. The antibiotic from A32 is found, as are bacillin 
(7) and bacitracin (18), mostly in the cell-free filtrate of 
staled media. In this respect they are quite different from 
subtilin (17), which is found predominantly in the cells of 
the subtilin=-producing strain. 

The method used for the production of subtilin-- 
i.e. a precipitation of staled media with acid and subsequent 
alcohol extraction of the precipitate--has not been found 
very effective in the case of the antibiotic from A352, 
Jansen and Hirschmann (17) suggest that subtilin activity is 
probably due to more than one substance and this may be the 
ease also with A32. 

Foster and Woodruff (7) find treatment with 2% 
Norite to remove all activity from their staled broth. This 
is similar to our results with Nuchar. They find, however, 


that bacillin can be eluted from the Norite by ethanol. At 


* I am indebted to Mr. C. 0. Gerbrandt for running the tests 
on nitrogen and sulphur. 
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no time have we been able to remove any of the active material 
from Nuchar. It may be, however, that the two charcoals are 
different and lend themselves to different techniques. 

Though bacitracin is extracted from staled medium 
with n-butanol, it seems to differ from the active material 
of A32. However, the data available on bacitracin are rather 
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ANTIBACTERIAL STUDIES 


The field of associative and antagonistic relation= 
ships of microorganisms has been reviewed by Waksman (34). 
Plant Pathologists have long recognized the occurrence, but 
more recently, the importance of antagonisms between organisms 
-and especially between soil microorganisms and plant patho-~ 
gense. Garrard and Lochhead (8) have reviewed this aspect of 
the field, More recently Ark and Hunt (1) reported Bacillus 
vulgatus and an unidentified yellow bacillus to be active 
against a number of phytopathogenic bacteria and fungi as 
well as against other microorganisms. 

With the isolation of specific antibiotics there 
have appeared reports on the in vitro action of some of these 
against phytopathogens (3, 9, 28, 29, 37, 38). No reactions 
of plant pathogens to the antibiotics thus far isolated from 


B. subtilis (7, 17, 18) have as yet been reported. That such 
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might offer a fruitful field of study, however, is evident 
from other recent work. Katznelson (19) found B. subtilis 
as well as other spp. of Bacillus to produce a thermostable 
substance toxic to Rhizoctonia solani. Humfeld and Feustel 
(16) tested sterilized staled media of B. subtilis (the 
strain subsequently used in the isolation of subtilin (17)) 
against a number of bacteria including the three phytopatho- 
gens, Erwinia amylovora, Xanthomonas juglandis, and Phytowonss 
michiganensis. They found P. michiganensis to be inhibited 
at very high dilutions of the staled medium, while the other 
two, both gram negative, were not affected. 

The antibacterial spectrum of an antibiotic is often 
characteristic enough to identify it. For strict compari- 
sons between antibiotics oe conditions of testing should 
be employed. However, a spectrum may sometimes be distinct 
- enough to identify an antibiotic under different conditions. 
With a view to obtaining a spectrum for the antibiotic from 
Adz and of finding seed-borne pathogens against which it 
might be effective, antibacterial tests were carried out at 
different times in the investigation. A list of the organisms 
tested is given me Table XI. Several antagonistic actino- 
mycetes, as well as a number of the bacteria originally 


isolated, were also tested. 
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TABLE XI 


Organisms employed in antibacterial tests 


Special 
Name of organisni designation Source 
Xanthomonas translucens 
f.sp. hordei-avenae Xan. 190 Dr. G. Semeniuk, Ames, 
Iowa 
f.sp. cerealis Xane 1015 Dr .W.A.F Hagborg, Wpge 
f.sp. hordei-avenae Xan. 1016 m . : 
f.sp. hordei Xan. 1017 3 . és 
f.sp. undulosa Xan. 1018 " a . 
Pseudomonas coronafaciens 3003 a ad . 
Bacillus brevis Dr.A.G.Lochhead, Ottawa 

n cereus iy ft ft 

. vulgatus e 5 : 

e mycoides z : - 

” megatherium ° . n 
Sarcinia lutea iy sd Ly 
Escherichia coli communis Dr. A.M. Shaw, U. of A. 

n ss communior . z 2 
Pseudomonas pyocyaneus a " ra 
Serratia marcescens . o e 
Staphylococcus aureus bs : z 
Bacillus mesentericus . i : 

: subtilis 30 : 7 e 

w ? 33 1? "! " 

- . 16 Dept.of Plant Sci. U.of A. 
Erwinia amylovora** * a e s 
Corynebacterium sepedonicum coe ie s e 
Aerobacter aerogenes Bee Fd : ee 
Pseudomonas atrofaciens** pabetnd a . e 
Erwinia carotovora Dre Je Ge Leach, W.Va. 
Agrobacterium tumefaciens Dr. Awd. Riker, U..oef Wis« 
Aerobacillus polymyxa 7070 Amer.Type Culture 7070 


Pseudomonas Woodsii 
Corynebacterium insidiosum 
Bacterium agropyri** 


Dr.M.W.Cormack, Edmonton 
+ "” tf ? 


tt bt nw Lf 


* Names of phytopathogens are according to Weiss and Wood (40) 


** Identity has not been confirmed. 
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Preliminary Tests 


During the isolation of the antagonists, Xan. 190 
and Pseudomonas coronafaciens were found to be susceptible to 
the inhibitory action of A32 as previously described. 
Aerobacillus polymyxa 7070 was also found to be very suscep- 
tible in these tests. 

During the course of exploratory work on extraction 
methods, antibacterial tests were carried out with some of 
the active fractions. In one such test loopfuls of tannic 
acid precipitate were spot-inoculated on test plates of a 
number of bacteria prepared in the manner used with Xan. 190. 
The halos around the spots of precipitate were taken as a 
measure of antibacterial activity. One series in this test 
employed nutrient agar, the other series potato-dextrose 
agar, in the test plates. The results are presented in 
Table XII. 

The results of Table XII show that the precipitate 
is active against a number of pathogens. It had been noted 
during the early work that the inhibitory effect of A32 
against A. polymyxa was much greater when potato-dextrose 
agar was used than when nutrient agar was employed. This was 
confirmed in the foregoing test and appears to hold for some 
of the other organisms as well. Nutrient agar was, however, 


retained as the test agar for the following tests, since it 
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TABLE XII 


Activity (mm.) of tannic acid precipitate 
against several species of bacteria 


LC TOLLE A LLL LLL LLL LLL LLL LLL LLL LLL LLL LLANE LLL LLL ALLLA LLL LL 


Nutrient Potato-dextrose 
Test organism agar agar 
Xan. 190 7 as 
B. subtilis 16 @) @) 
Cor. sepedonicum = 5 
A. aerogenes 2 @) 
Ps. atrofaciens 4 9 
EB. carotovora 2 al 
Ag. tumefaciens 5 5 
A. polymyxa 3 7 


was well adapted to Xan. 190 and it was desirable at this 
stage to keep the results comparable for all the test organisms. 
In a second experiment test plates of a number of 

organisms were prepared. These plates were then spot- 
inoculated with A32 and incubated at 30°C. The results are 
presented in Table XIII. 

| Most of the organisms in the foregoing test were 
sensitive to a greater or lesser degree. Others might per- 
haps have shown greater sensitivity had A32 been allowed to 
make some growth and the organisms then been applied by 
spraying them on the plates. In comparison with Xan. 190, 
which is very fast growing, the slowness of the other strains 


of X. translucens is notable. 
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TABLE XIII 


Activity of A352 on spot-inoculetion 


Notes on halos 


Hours required to 


Test organism appear in plates Width in mm, 
Xan. 190 15 6 
Xan. 1015 ie 9 
Xan. 1016 Ve 14 
Xan. 1017 72 9 
Xan. 1018 72 9 
Ps. coronafaciens 15 6 
S. lutea 5 5 
Be. coli communis 15 trace 
E. coli communior 15 @) 
Ps. pyocyaneus 15 trace 
S. marcescens aS) } 
Staph. aureus 15 | 3 
(diffuse ) 

Be. subtilis 16 15 “id 
E. amylovora 56 9 
Cor. sepedonicum Te trace 
A. aerogenes 15 4, 
Ps. atrofaciens 72 tal 
Ee. carotovora ne, trace 
Agro. tumefaciens 15 4, 


A. polymyxa Very little growth 


Tests Employing Butanol Extrect 


When the butanol extraction method was adopted a 
preliminary antibacterial test against a number of organisms 
was carried out. Butanol extract. was applied to the test 
plates using filter paper discs. Of all the organisms tested 


Xan. 190 proved to be the most susceptible, showing 15 to 17 
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mm. wide halos. E. amylovora, Ps. coronafaciens, Ag. tumefa- 
ciens, E. carotovora, and Ps. atrofaciens were also quite 
susceptible. S. lutea, A. aerogenes, and the BE. coli strains 
seemed to show some sensitivity. All other organisms tested 
showed only doubtful halos. Hagborg's strains of X. trans- 
lucens appeared sensitive but their slowness in appearing 
made the results inconclusive. 

A more extensive series of tests, using a butanol 
extract of staled .03% asparagine medium was undertaken. It 
was decided to test first the relative susceptibility of the 
different X. translucens strains. These results are given in 


Table XIV. 


TABLE XIV 


Sensitivity of strains of X. translucens 
to a butanol extract of Ade 


Strain of Time before measurements 


X. translucens could be made (hours) Width* of halo (mm. ) 

Xan. 190 18 13 

Xan. 1015 We 16 

Xan. 1016 96 co in one plate; com-~ 
plete inhibition in 
the other 

Xan. 1017 96 Complete inhibition 

Xan. 1018 we 7. 


* Average of 6 discs for each strain. 
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It is very apparent that all of the X. translucens 

strains are very susceptible to a butanol extract of A32. 
| It was desirable to obtain faster plate results 

with Hagborg's X. translucens strains. In order to do this 
1 ml. of a 4-day-old broth culture was used to seed the 
plates instead of the usual water suspension. A number of 
the other organisms were also tested in a similar manner. 
The butanol extrect used was the same one as in the foregoing 
experiment. The results, listing the different organisms in 
the order of their sensitivity, are presented in Table XV. 
The values given are average ones based on measurements from 
six separate discs. Teeter ee ene individual discs in 


this test was quite small. 


TABLE XV 


Activity of butanol extract of A322 cultures 
using 1 ml. of broth culture of the test 
organism per plate 


Width of | Width of 
Test organism halo (mm.) Test organism halo (mm.) 
Xan. 1016* L2k6 S. lutea PS) 
Xan. 1617* 11.8 Ps. pyocyaneus Sek 
Xan. 190 LOs 7 Ee coli communis 1.8 
Xan. 1018* 10.2 E. coli communior digs 
Bo megatherium 9.8 B. mycoides 1.3 
A. tumefaciens 9.38 Be subtilis 30 1.9 
Xan. 1015* 8.7 B. subtilis 16 Led 
EB. amylovora vot Be vulgatus 1.0 
Ps. atrofaciens 70 S. marcescens 1.0 
Ps. coronafaciens Deo Be. cereus 1.0 
B. brevis Dee A. aerogenes trace 
B, mesentericus 4.8 Ae polymyxa trace 
E. carotovora 4.8 B. aubeil is So trace 
Core. sepedonicum 4.5 Staph. aureus trace 


* Did not appear until after 4 days 
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In the foregoing test a number of the antagonistic 
bacteria isolated at the beginning of the investigation were 
also tested. Ten out of 13 tested proved susceptible to 
butanol extract, the values obtained ranging from 5.8 to 1.35 
mme Two actinomycetes, A56 and A62, were also susceptible, 
exhibiting 4.5 and 5.0 mm. halos respectively. Using a broth 
culture instead of a water suspension to seed test plates did 
not induce Hagborg's strains of X. translucens to appear any 
more quickly. It was noted, however, that the halos when 
using a broth suspension were much smaller than when a water 
suspension was used. A comparison of Table XIV and Table KV 
makes this clear. further discussion of this question will 


be found in a subsequent section under the heading, Factors 


Affecting Halo Width. 


Tests Comparing 1:1000 Subtilin and 
Butanol Extracts from Cultures 


of A32 gnd B. subtilis #231 


A sample of subtilin was kindly supplied by the 
Western Regional Research Laboratory, U. S. Department of 
Agriculture, at the request of the National Research Council. 
A culture of B. subtilis #231 (of N.R. Smith), used in the 
production of subtilin by Jansen and Hirschmann (17), was 


also supplied by the National Research Council. A comparison 
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of A32 and B. subtilis #251 is given in a subsequent part 
of the thesis. 

Tests were carried out to compare the antibacterial 
spectrum of subtilin with that of a butanol extract of Ad52 
cultures and with that of a butanol extract of B. subtilis 
#231 cultures. The extracts were prepared by growing cul- 
tures of A32 and #231 under similar conditions in .3% 
asparagine medium (this medium being optimum for subtilin 
production (17)). The staled media were then extracted with 
equal amounts of n-butanol. The subtilin employed was a 
1:1000 dilution in sterile distilled water. 

Two such tests were carried out. In the first 10 
ml. of agar were used per test plate. The second employed 
15 ml. of agar, since it was believed a thicker Layer of agar 
would remove some of the variability in halo width which often 
occurs when Petri plates with irregular bottoms are used. 
Some of the organisms that appear to show a differential 
reaction are presented in Table XVI. E. carotovora, A. 
tumefaciens, Ps. Woodsii, and Actinomyces sp. G2 are notable 
in this respect. The other organisms tested did not behave 
consistently for some reason as yet unexplainable. 

From the figures in Table XVI it can be seen that 
1:1000 subtilin produces much smaller halos than does the 
butanol extract from A32. In sae foregoing test only the 
figures for the two butanol extracts are strictly comparable. 


Since the concentration of antibiotic in them is unknown, they 
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TABLE XVI 


Antibacterial activity (mm.) of butanol extract of 
A32 and #231 staled media and 1:1000 subtilin 


Butanol extract of cultures of 


1:1000 
Test organism subtilin A32 251 
Xan. 190 5 13 5 
Xan. 1015 6 10 1 
Xan. 1016 9 13 2 
Xan. 1017 iT nee 2 
Xan. 1018 3} 11 2 
Ps. coronafaciens ul 4 AL 
B. megatherium +) 8 Mo) 
E. amylovora a 9 2 
Ps. atrofaciens 2 8 2 
EB. carotovora 9) 5 8) 
A. tumefaciens 0 8 0 
A. polymyxa* 9 20 13 
Ps. Woodsii @) 8 2 
Actinomyces spe A62 O 6 1 


* Tested using P.D.A. All others tested on N.A. 


cannot be directly compared with subtilin. It is likely, 
however, that the antibiotic in the butanol extracts was 
mich less dilute than 1:1000. The butanol extracts are, 
moreover, in all probability not pure, whereas the subtilin 
is. The lower activity of subtilin as compared with A352 
butanol extract is hardly attributable to low diffusibility 
since, as will be seen from Table XVI, in two cases at least 
(A. polymyxa and Xan. 1016) halos of 9 mm. width were formed 
in the subtilin plates. It may easily be, however, that the 


test conditions were unfavorable to subtilin and that the 
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use of potato-dextrose agar or the use of a serial dilution 
method would have given different results. Under the con- 
ditions of the test, the substance from AS2 has a different 
spectrum than has subtilin. Against the other organisms 
tested and not reported in Table XVI the two antibiotics 
reacted similarly. It wid be noted that, the butanol extract 
of B. subtilis #231 cultures also showed some activity, but 
that on the whole it was much lower than the extract from 
A32. B. subtilis #231 is a subtilin-producing strain but 

it may be that a high titre of subtilin was not produced 
since trace elements were not provided in the medium. Trace 
elements aee known to increase subtilin production (17). 
Moreover, had a high titre of subtilin been produced in the 
#231 cultures it is not known whether or not butanol would 
have extracted it. 

Salle and Jann (30) tested the action of subtilin 
of various organisms. ‘Some of the species were also used in 
our tests. They employed the paper-dise and sige eds tech= 
niques. At a dilution of 1:1000 they found B. cereus, 

S. lutea, and Staph. aureus to be very susceptible and they 
also found B. megatherium to be susceptible. In our tests 
we also found these organisms to be susceptible to a greater 
or lesser extent. They found A. aerogenes, E. coli, and S. 
marcescens to be resistant. This is similar to our results. 
Salle and Jann (30) used 0.1 ml. of a broth culture to seed 


2O ml. of agar, but the type of agar medium used is not 
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stated. The results are thus not strictly comparable, but 


tend to be confirmatory as far as they go. 


Bacteriostatic Action of A32 and Subtilin 
on Xan. 190 


In no case during the course of the work were 
colonies of Xane 190 found to invade the sterile halos, 
regardless of the length of time the plates were kept. This 
was true whether staled A32 medium or butanol extract was 
used. Except for one isolated instance with A. polymyxa 
none of the other test organisms was found to invade these 
areas. Transfer of pieces of agar from sterile areas of 
the Xan. 190 to fresh agar did not yield Xan. 190. From 
such evidence it may be deduced that the antibiotic eros 
duced by A32 is bactericidal as well as bacteriostatic in 
its action.against X. translucens. From similar evidence 
Rudolf (29) coneluded that penicillin is bactericidal in 
its action against Xanthomonas juglandis and Erwinia amy- 
lovora. 

That such is not actually the case with Xan. 190 
and A32 can be seen from the following. Bits of agar were 
, removed from the sterile zone and from the area immediately 
under the paper disc, and incubated in nutrient broth at 


se°s.. A parallel series was run with agar from 1:1000 
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subtilin plates. After a period of incubation loopfuls of 

the resultant broth cultures were streaked on agar slants. 

In all cases typical Xan. 190 was recovered. The antibiotic 
produced by A32 as well as subtilin are thus only bacterio- 
static in their action under the conditions used. The failure 
to recolonize sterile areas or obtain Kan. 190 when trans-= 
ferred to fresh agar may be due to the tenacity with which 

the antibiotic substance is retained. As soon as the agar 

is transferred to nutrient broth it may, on disintegration, 

so dilute the antibiotic substance that it is no longer 


effective. 


FACTORS AFFECTING WIDTH OF HALO PRODUCED 


The diffusibility of an antibiotic substance will 
influence the size of halo produced. Thisdiffusibility is a 
function of the molecular weight of the substance. The halo 
will also vary with the consistency and type of agar used in 
the test plate. As has been already noted, using nutrient 
broth cultures instead of water suspensions of Haghorg's 
strains of X. translucens did not decrease the time required 
for the halo to appear, but it did reduce the width of halo 


obtained, as can be seen by comparing Tables XIV and XV. 
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Effect of Type of "Seed" Suspension 
on Halo Width 


A more extensive test comparing the two methods of 
seeding test plates was undertaken. In one series 1 ml. of 
a 48-hour nutrient broth culture of Xan, 190 was used bo pre=- 
pare the plates, while in the second case 1 ml. of a water 
suspension was used. Discs bearing butanol extract were 
applied to the plates, which were incubated at four differ- 
ent temperatures. The complete results are presented in 


Table XVII. 


TABLE XVII 


Effect of different methods of seeding test 
plates on width of halos (mm.) produced 


Temperature 1 ml. of H,O suspension 1 ml. of broth culture 


25° 13 14 14 bal 11 11 
14 13 14 10 10 9 
14 14 14 10 10 10 
30° 13 14 14 10 9 9 
1S 87s 13 10 10 10 
14 13 13 10 10 10 
35° 15 13 14 10 10 10 
14 13 12 10 9 10 
14 15 14 10 10 10 
40° 15 13 14 10 10 10 
15 15 13 10 10 Te 
15 15 14 10 10 15 
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It is apparent from Table XVII that the water sus- 
pension gave consistently wider halos. The 15-mm. halo in 
the 40°C. broth series is probably accounted for by the fact 
that the agar in that spot was thin because a round-bottomed 
Petri plate was used. Hayes (13) and deBeer a Sherwood (2) 
refer to the same effect of thin agar. Each antibiotic 
appears to have its own "diffusion potential". It is believed 
now that many individual inconsistencies due to uneven depth 
might have tended to disappear had 15 or 20 ml. instead of 
10 ml. been used throughout the investigation. The results 
in Table XVII also indicate that temperature of incubation 


does not have much effect on halo width. 


Effect of Time of Application of the 
Antibiotic on Halo Width 


During the course of the work it was desirable to 
know whether butanol extract had any effect on Xan. 190 in 
plates where the organisms had already made some visible 
growthe Two sets of test plates were made up. In the first 
the discs of extract were applied immediately the agar had 
sufficiently hardened, as was done throughout the whole 
investigation. The other set had the discs of extract 
applied nine hours later when growth was already visible, 


both sets being incubated at 30°C. throughout the whole time 
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of the test. After 18 hours readings were taken. The set 
which had the discs applied immediately had sterile halos 
15 mm. wide. Those in the second set were only 5 mm. wide, 
and Xan. 190 was present in the halos to the same extent as 
on the whole plate when the discs were applied--that is, 
there was no lytic effect of the extract on Xan. 190. 

Since a great difference in halo width between the 
two sets was obtained, a more extensive test was set up, 
Plates of Xan. 190 were made up and incubated at 30°C. 

Discs of butanol extract were applied at two-hour intervals 
to a set of two plates, over a 16-hour period. Readings 
were made 24 hours after the plates were first prepared. 
The results are presented in Table XVIII. 

A test similar to the one reported in Table XVIII, 
using Xan. 190 and 1:1000 subtilin, gave similar results. | 


These are presented below: 


Subtilin applied after hours Halo width (mm.) 
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* Growth first visible in the plates 


The results show very strikingly the reduction in 


halo width with an increase in the time elapsing between 
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TABLE XVIII 


Effect of time of application of butanol 
extract on halo width 


Time after 
preparation State 
of plates of 
(hours ) growth Halo width Type of halo 
0 not 11,12,13,12,13,15,13,15 Sharp and sterile 
visible 
2 . AW ale LS area aD a ae aE " is z 
4 : VG7 She). Ot -S) oh 9, Oo ey SRS . 
6 faintly 8, 7, 8, 6, 8, 7, 8, 8 Slightly ragged 
visible and some growth in 
them 
8 visible 5, 4, 5, 5, 5, 4;.5,.5 “Halos. have Xan. 
190 in them 
10 " Oe" Og” 0,0,” 4, 5S, ° 
ai ” 1, ey erie “eee, 2, 2... Very, ragced 
14 . fs Oe AR? awe eee a . ie 
16 a 0, 0, 0, 0, 6,0, 0, 0 No trace of a halo* 


* When the discs were removed after the reading was made, 
no difference was found in the amount of Xan. 190 between 
the areas immediately under the disc and those surrounding 
ite | 


the preparation of the plate and the application of 
the antibiotic. Several factors might possibly bring about 
this effect. As the plates are incubated and Xan. 190 


becomes visible on them, there is an increase in the number 
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of organisms in the plate. This acts as an increase in the 
amount of "seed" which may affect halo width. The agar may 
become more firm and rigid as time elapses and this would 
affect the diffusibility of the antibiotic and thus reduce 
halo width. As the test organism makes some growth, it may 
become more resistant to the antibiotic. This would tend to 
be confirmed by the results on the type of "seed" suspension 
test (Table XVII) where halo widths, when an actively growing 
broth culture was used, were less than when a water suspen=- 
sion was used. Various tests were set up to determine 
whether these hypotheses would explain the results in Table 


XVIII. These are given below. 


Effect of Number of Test Organisms 
per Plate on Halo Width 


In a preliminary test suspensions of Xan. 190 
using a standard loopful of the organism in each of 5, 10, 
15, and 20 ml. of water were made up. One ml. of the susg-= 
pensions wes then used to seed test plates. Discs of butanol 
extract were applied and the plates incubated at 30°C. ‘The 


following results were obtained: 


Seed from suspension in Width of halo in mm, 
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There seems to be an increase in the width of halo 
as the number of seed organisms is decreased. This increase, 
however, does not seem great enough to account for the 
results of the time application test (Table XVIII). 

A poeude! cxpantaere was carried out. A suspension 
of Xan. 190 in sterile distilled water was dispensed into 
sterile water blanks to give a series of standard dilutions 
reduced by one-half at each step. One ml. of each dilution 
was then used to seed test plates, which then had dises of 
butanol extract applied to them. The results are presented 


in Table XiIx. 


TABLE XIX 


Effect of amount of "seed" on halo width 


Dilution Width of halo in mm. 

Original © 2s eS. 15.00 [eee Te 
3 original ton ee Lees 15 ole 2 
= original URS, 15 too 4 1A Tay TS 
1/8 original Wea. 1S. 14 14 14 4 TS 
1/16 original i4apeelis. b4. 04° 14 12 (a4 4 


These results confirm those of the preliminary 
experiment in that there is an increase in halo width with 


a decrease in the amount of seed; however, the amount of 
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seed does not seem to be the factor in the results of the 


time of application test (Table XVIII). 


Effect of "Age" of Agar on Halo Width 


Experiments were carried out to see whether the 
age--and thus perhaps the firmness--of the agar at the time 
of application of the antibiotic might have an effect on halo 
width. In one experiment agar plates were prepared using 10 
ml. of agar but without any Xan. 190. As soon as the agar 
had hardened sufficiently, % ml. of a suspension of Xan. 190 
made from a 48-hour P.D.A. slant kept at 6° to 7°C. was 
poured over two of the plates to which discs of butanol 
extract were then applied. All the plates in the test were 
then incubated at 20°C. At intervals of two hours two plates 
were removed, a Xan. 190 suspension poured over Enak caer ace 
discs of butanol extract applied, and the plates replaced at 
30°C. The test was run over a 12-hour period. The follow= 
ing results were obtained: The halos were not as sharp or as 
regular as those obtained when Xan. 190 is sown in the agar. 
This is not surprising since there was a slight film of 
moisture due to the suspension of Xan. 190 on the plates 
when the discs were applied. and the extract would thus tend 
to rune The halos, however, did show up well enough to 


indicate very little difference in their width over the 12- 
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hour period; they were all fairly close to 12 mm. in width. 
Checks in which a Xan. 190 suspension only was applied at 
the O= and 12-hour periods showed definite growth over the 
whole surface of the plates. 

A second test representing a variation of the first 
was next made. Test plates of Xan. 190 were made upo Discs 
of butanol extract were applied to two plates at intervals 
of two hours over a 12-hour period. After 12 hours all the 
plates had a suspension of Xan. 190 applied to them by means 
of an atomizer. All the plates were incubated at 30°C. during 
the course of the test. Data were taken 48 hours after the 
plates were first prepared. 

The results of this experiment confirm those of the 
previous ones The halos in this test did not appear until 
48 hours after the preparation of the plates and, as in the 
previous test, they were rather ragged. They were, however, 
around 15 mm. in width in all cases. Since the only Gariepile 
in this case was the age of the agar when the discs were 
applied, this factor does not appear to affect halo width. 

In a third test plates of Xan. 190 were prepared. 
One set had discs of butanol extract applied immediately. 
These plates were then incubated at 30°C, The rest of the 
‘Plates were stored in a refrigerator at 6° to 7°c. after 
48 hours the second set was removed, discs of extract were 


applied, and the plates were incubated at 30°C, The thira 
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set was similarly treated 24 hours later. The results showed 
that there was no reduction in halo width in the second over 
the first set of plates and only a very slight reduction in 


the third set. 


"age", and thus, pre- 


None of the experiments on 
sumably, firmness of the agar, showed this factor to have 
much of an effect on width of halos. Any slight differences 
were far from adequate to explain the results of the time of 


application test (Table XVIII). 


Effect of age of Xan. 190 used to Prepare 
the "Seed", on Halo Width 


In another experiment slants of Xan. 190 of dif- 
ferent ages were used to prepare the test plates in order to 
see whether this might be a factor in halo width. A standard 
loopful of culture in 5 ml. of water was used to make up the 
suspension in each case. Discs of butanol extract were applied 
and the plates incubated in the usual way, The following 


results were obtained: 


Age of inoculum (hours) Width of halos (m.,.) 
12 LGR Lepes. abl Clie eee 17 
‘ 18 a ean ew AO! NOY “26 EO: 26 
24 bO helQualGe 106 HMbotie 41 test 
48 eee Sirus Wee, on) ee ees 


72 He wgke vie Ghee Yo; sham Vere U2 


DSOWONeG GVINewl Sirti’ es livwew ila ca rel mek ik dials tlie | wil S31 ERAS 


‘ ost enw 9 


sove beosen ond mf Ad bie - ofsd mi nottoube 
ai nottoubet tdaile yrev s Yio has setete to dee | 
SR as 

-etq ,emit bie ,"ege” mo gtcentroaxe ost ‘to ‘enou 
eved o¢ toyosT 2ind Bbewore eTSgs oii Yo necnmrtt 
Aeorete TT IS eet veces - pave to uidbiw no dette ft 
to omit orig to atineca add atefgxe od edaspebs mort 
| a(ITIVX efdsT) teed no 


eirscert o¢ bear OGL + mex to egs To toot? 
' ASbIW oleh mo e"beeé" eit 


-tfb to OCL .msxX to edule # nominee Sontons ot 
ot seb xo. ot sedate. toed eit oregerta ee beau oT ow n6 
basboiste A (dtbiw olfsed at todas? B oi tigin aidt we. 
efit qt exe ot bear asw te¢aw to im @ at erutivo 1 
iiqare stew fosttxe Kckcnaul ne goetQ ,#2889 Mo B6 at 
uatwolfot off .vew feness exit nt hetsdyont eotal 


tbentisddo exe 


(.ots) Bolas to dAtbEW a | (econ) mtr goo 


ere SE ct. ae ee Sf 
Of Of Of Of Of. BE da oes ie Gis 
SE UL OF f° OF OF Bence . aS 


SI SI Bf ££. Sf Sf OF ver : Eh 


= 60.= 


The results show that age of inoculum cannot be 
responsible for the results in Table XVIII. In fact, this 
preliminary test would tend to show wider halos with older 
inoculum, though the test was not extensive enough to be 


conclusive in this regard. 


Discussion 


Meany factors may influence the width of halo pro-~ 
duced in the paper=-dise or agar=-cup method of assaye Several 
investigators (2, 13, 23) find definitely greater inhibition 
zones with eeienoee, and this has been confirmed in our 
experience. Miller and Rose (23) and deBeer and Sherwood 
(2) find the number of test organisms per plate to be a fac- 
tor, heavier seeding tending to overcome the action of the 
antibiotic. This tends to be the case also with Xan. 190 
and the antibiotic from A32 (Table XIX). Miller and Rose 
(23) found the length of time elapsing between the prepara-~ 
tion of the plate and the application of the antibiotic to 
be a factor. This is very much the case with Xan. 190 and 
the substance from A32 (Table XVIII) and subtilin. The 
reason for this reduction with the lapse of time remains 
obscure. It does not appear to be due to the number of test 
organisms per plate or to their age, nor does it seem due to 


a stiffening of the agar in the plate. It would seem, there- 


SUT FNL LEER Ph LET IN Bh Reni see Ba ics ie ag ea ae 
aids ,tost Al .TTLVEX eldest ork ad lueon- edd 0% a f¢ 


sebfo dttw soled seblw wore ot bret bioow dued ye 


ad od disyons evienetxe ton aaw teet ecid cguodt . 
|  sbteget eldd at ev 


aoteawoakd 


Hot ofsd to cig baw edd goneulint we exotoat yas 
[stTevea .VBBESR 0 boritem quo~tags TO salb-reqag edd 
MOLTLG Leet peaeaee: yflotiniteb batt (8S SL 8) BtOds 

suo of bemrfinos need ead ated betes 1898 sels ra 
voderedt bers is0%eb bins (sg). enok bas tol Lim 2 Of 
~ost s od od odaelg teq eteinsgse teed So tecnietes eds 
odd “to mottos orld SMooLSevo od gotbaed nities 
Obl .msx cid Lw oe fe dues -eehtived ot ebroedg akdt “Ou 
enol bas xeLliM «(KIX efdsT) S6A most ottotdttuy 

-ataqetg edd ceoowied antaaele ents ‘to dtgmel edd be 

ot oltoidtins exit to dotteolifags ocd bas etal ork 
base oer efsX cdiw eerso ent dom ytev ef etd? “00% 
edt .miliddee bae (1ITVX eldeT) S&A mort eons: 
anismet emti to eagsl edt dtiw aoltoubert aldd a 


seed to tedmun ondt ot sub -ed ot teeqqs ton noob tT 


EO) ie 


fore, that Xan. 190 becomes more resistant as it makes some 
growth in the plate. 

Miller and Rose (23) also found the protein content 
of the agar medium to be a factor. This might possibly 
account for the difference found when broth or water suspen= 
sions of Xan. 190 were used to seed test plates, since as 
1 ml. of liquid is added to 10 ml. of agar in both cases, the 


agar concentration would not be a factor. 


STABILITY OF THE ANTIBIOTIC FROM A32 


Different antibiotics, even when produced by the 
same species, may vary in their stability. During the 
course of the work, a number of observations were made and tests 
were carried out at different times to assess the stability 
of the antibiotic from Adz. 

In the early part of the work, staled media were 
always sterilized by autoclaving at 15 lb. pressure for 15 
to 20 minutes before assaying. It was observed that there 
was usually quite a reduction in activity as measured by 
halo width produced by the sterilized as compared with the 
unsterilized staled medium: a staled bran-extract medium 
was reduced from 10 mm. to 6 mme; a staled Czapek-Dox 


medium was reduced from 10 mm. to 4 mm.3; a bit of butanol 
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extract powder in a test tube was reduced from 14 mm. to 10 
mm.o on autoclaving. Observations had shown no advantage in 
adjusting the pH before sterilization. The general observa- 
tion was that, though the substance was not completely ther- 
molabile, there was a considerable reduction in activity on 
autoclaving. It may be that several substances, only some of 
which are thermolabile, are produced by A52. Later assays 
were almost invariably made on unsterile staled media from 
which the liquid had been decanted or the pellicle removed 
by filtering through several layers of cheesecloth. It was 
found that, in the short time required for halos to become 
visible, there was not enough contamination by A32 to affect 
the reading. When a .03% asparagine medium was adopted a 


more extensive series of stability tests was undertaken. 


Thermostability of the Antibiotic 


Portions of staled .03% asparagine medium were 
autoclaved for different lengths of time at 113 to 115°C 
The results are presented in Table XX. The figures are 
averages, based on 8 discs. 

There is a gradual reduction in activity the 
longer the staled medium is autoclaved, until after one hour 


at 113 to 115°C. it is completely inactive. 
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TABLE XX 


Effect of exposure to 1135 - 115°C. on the 
activity of staled medium of A352 


Period of autoclaving in minutes 


Activity (mn. ) 10 Mae 6.0 4.5 4.5 0 


General observations tend to show that the anti- 
biotic is fairly resistant to temperatures below 100°c. 
Evaporation of butanol extract over a water-bath often takes 
one-half hour, yet the butanol powder obtained is quite 
active. There was also, during the work, occasion to reduce 
the volume of staled medium in a boiling water bath for a 
period of several hours and, though there was some reduction 
in activity, it was not nearly as great as that induced by 
temperatures over 100°C. In general, it may be stated that 
the activity is reduced by high temperatures. This view is 
strengthened by the results of the time-temperature tests 
(Table VII and Figure 4) where it is seen that the culture 
loses its activity much more rapidly at higher incubation 


temperatures. 
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Tolerance of the Antibiotic to Low Temperatures 


Soon after the butanol extraction method was 
adopted it was noted that the extracts would retain their 
activity for long periods of time when kept in the refri- 
gerator at 6° to 7°C., in one case being reduced from 15 
mm.e to only 12 mm. in two months. 

A test was run on butanol extract powder to see 
whether it too could be stored at 6° to 7°C. for any length 
of time without loss of activity. Thoroughly ground butanol 
extract powder was mixed with different proportions by 
weight of inert Dixie Clay and stored in the refrigerator. 
‘Loopfuls of the various mixtures were tested periodically 
for their activity. The figures given in Table XX1 are 


averages of 8 readings. 


TABLE XXI 


Activity (mm.) of butanol extract 
powder stored at 6 = Toes 


Date of testing 


Jan. 25 Feb. 24 Aug. 1 Dec. 19 

Pure powder 12 ie 10 12 
Powder:Clay 

125 9.5 9.5 945 9.5 

srs 9.0 9.0 9.0 9.0 

1Ls2o 8.0 8.0 9.0 10,0 

1350 8.0 8.0 8.0 8.0 

L106 6,0 520 6.0 6.0 
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The results show the stability of the substance at 
low temperatures. Any inconsistencies can be attributed to 
the difficulty in placing powdered material on test plates in 
a regular fashion without sometimes spreading it over too 
great an area. Differences in flatness of Petri dishes might 
also easily account for an apparent increase in activity. 

The test also shows the usefulness of Dixie Clay as an inert 
diluent and carrier. 

The tolerance of the antibiotic to low temperatures 
was tested in another way. Lots of 25 ml. of staled .034 
asparagine medium were frozen in the ice cube compartment 
of the refrigerator. At different times they were thawed 
and tested for activity, after which they were put back and 
frozen for another period. The figures given in Table XXII 
represent averages of 8 discs. They show that there is very 
little reduction on repeated freezing and thawing. 

The antibiotic would seem to be very tolerant to 


low temperatures. 
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TABLE XXII 


Tolerance of staled medium to alternate 
freezing and thawing 


Activity in mm. 


Original staled medium 8.5 
Frozen 12 hours. Thawed and tested 8.0 
Replaced. Frozen 24 hours. Thawed and tested “BSe 
Replaced. Frozen 6 days. Thawed and tested 7d 
Replaced. Frozen 25 days. Thawed and tested 70 


Effect of pH on the Antibiotic 


Staled .03% asparagine medium was adjusted to different 
pH's by adding dilute HCl or NaOH. The media were tested 
immediately after adjustment and after 18 and 48 hours 
storage at room temperature. The original staled medium 
had a pH of 5.89. The figures presented in Table XXIII 
represent averages of 8 discs. 

A test on the effect of increased pH had also been 
run on another lot of staled medium, with the following 


results: 


Activity after 


pH 2 hours 18 hours 
7 8 mm. 6 mm. 
9.5 669 deo 
16.0 Se. PAS) 
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TEST XXIII 


Effect of pH on the activity of staled 
medium stored at room temperature 


Activity (mn. ) tested after 


pH O hours 18 hours 48 hours 
£084 Teo 4.9 trace 
5085 79 50 aie 
4.80 8.6 7.0 7.2 
5289 8.6 7.0 8.7 
685 Sel 78 Boe 
7.95 8.4 8.0 8.0 
8.86 8.0 70 ey 


The results indicate that the substance in the 
crude state at least is intolerant to either very high or 


low pH's, but appears fairly stable between pH's of 5 to 8. 


Effect of Dilution on the Activity 
of Staled Media 


Table XXI shows that butanol powder remains quite 
active when diluted to 1:100 on the basis of weight with 
inert Dixie Clay. Considered on a volume basis the results 
are even more striking. The test confirmed previous experi- 
ence in cases where it was found that a small speck of active 
precipitate or powder accidentally falling on a portion of 


the test plate gave almost as large halos as a whole loopful — 
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of powder. This is probably due to the larger amount of 
powder becoming sticky and not allowing any more of the 
active material to diffuse out from the mass. 

A test was run on the tolerance of staled .03% 
asparagine medium to dilution with sterile distilled water. 
The results, given in Table XXIV are based on averages of 8 


discse 


TABLE XXIV 


Tolerance of staled medium to dilution 
with distilled water 


g staled medium 100 90 80 70 60 50 40 30.20 10 


Activity (mm.) 9276); 8.7 8.0 862 8.2 724 Toe To Gee 469 


It will be seen from the results of Table XXIV 
that a considerable dilution is required before there is any 


appreciable loss of activity. 


Discussion 


Stability of different antibiotics under different 
conditions is quite often a characteristic feature of them. 


The substance from A32 seems on the basis of available data 


con ie bolade ‘to | sonenesot 6 


ie 


rr r 


Pc aegetevs 10 ‘beand ome | WER Saat at aovts 


. e r = AC 
. 5 
53 ; ae q ap i 4 el 7 Oa ud ‘ I ; ie : . 1 i 
ee Ne, vr gaaar ie ae ae 


eo aelaseie:. sk uiniat eae ebay. 10 oonere fo? 
‘teden belfidaib dg bw at 


ot 08 08 oa 08. 08 Ake 08 oe. OOL _autbon be 
e ed 8.0 me. oy » y $48 R, 2 0. 8 ve 8 tase Comma) x 


vee eldsTt to ad Laer ond mort Ese vr Lttw ar 
peta exotod bet ispet et nottul ED siderobten 
a : | i Yes awdivis o8 +0 eeol, of 

ee pe § Bi abe | 


vail yee ; oe ‘a im) Fc sn 
terete es = to obauss cole tdi a dae 


o YG « 


to differ from the other 3 antibiotics (7, 17, 18) in res- 
pect to stability. Jansen and Hirschmann (17) found their 
sterilized cultures to retain their activity for le days in 
the dark at room temperature but to lose 90% of their acti- 
vity in the light. Time-temperature production studies have 
shown our cultures to retain their activity at 25°C. for 
much longer periods, losing only about one-half of the peak 
activity after 60 days. Though no tests on the effect of 
light on the stability of AS2 cultures or extracts were 
carried out, observations indicate that, while there is a 
greater loss of activity of A32 staled cultures in the 
light, the Peenciien is less marked than in the case of 
subtilin. Alcohol solutions of subtilin stored at 5°C. for 
15 days lost all their activity against L. casei (17); 
butanol extracts of AS2 cultures retained their activity for 
at least two months at 6° to 7°C. Whole cultures of the 
subtilin strain were found to be least affected when steri- 
lized at pH of 2.5 (17); A32 cultures were found to be very 
unstable at this pH. 

Data on the stability of bacillin (7) are not 
adequate to compare them with those for A32,. The inade- 
quacy of data on stability also makes a comparison with 


bacitracin (18) difficult. 
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COMPARISON OF AS2 AND B. SUBTILIS 
#231 N. R. SMITH 


Subtilin production was found by Jansen and Hirsch-= 
mann (17) to be very dependent upon the strain of B. subtilis. 
Since we had obtained a culture of the subtilin strain #231 
it was desirable to make a comparison between it and Ad2, 

The two strains when grown on P.D.A. slants under 
ordinary laboratory conditions are almost indistinguishable 
in external gross morphology. 1+ was noted, however, that 
A32 sporulates much more readily on P.D.A. It is also much 
less adherent to the slant than is #231. Bits of vegetative 
growth of AS2 break up much more readily in water blanks as 
‘compared with #231 which is very difficult to break up. Trace 
elements were found to increase subtilin production markedly 
(17), whereas high activity has been obtained when A32 was 
grown in media without them. A .6% asparagine medium was 
found (17) to produce good growth and subtilin activity with 
#231. In the case of A32 it was found that a .03% asparagine 
medium would produce a highly active culture though the 
growth was reduced. 

In order to see whether #231 would grow and pro- 
duce an active culture on media with an asparagine content 
less than .3% the following test was performed; Cultures 


were grown in a modified subtilin medium containing differ- 
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Figure 6 


Relative activity as shown by halo production in 
Xan. 190 by preparations from B. subtilis 
A32 and B. subtilis #23] 
Top row, left to right: Adz staled medium, buta-= 
nol extract, residue after extraction. 
st 1i 


Bottom row, left to right: #251 ste (iun 
butanol extract, residue after extrac- 
tion. 
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mentioned above and #231 was recovered. This may be due to 
the same effect found by Lewis, Dimick, and Feustel (20) in 
the case of B. brevis where, on relatively poor media, the 
pellicle was found to break up spontaneously and sink to the 
bottom of the flask. | 
Jansen and Hirschmann (17) found cultures possessing 
a high subtilin activity to give an intense blue color, and 
those with little activity no color on the addition of a few 
drops of a 1% alcoholic solution of FeClz to 5 ml. of culture. 
Cultures of #231 grown under conditions used for A32 were 
found to give a blue color with FeClz. The color, though 
definite, was not intense. This might be due to the fact 
that the medium did not contain trace elements favorable for 
subtilin production. Throughout the course of the investiga- 
tion, however, AS2 never gave a blue color with FeClz. This 
is one definite point of difference between the subtilin | 


strains and A32. 
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ACTION OF ANTIBIOTICS IN REDUCING INFECTION 
OF BARLEY BY XANTHOMONAS TRANSLUCENS 


(Js J. & Re) Dowson 


The use of antibiotics in the control of plant 
diseases is a field still in its infancy, even though the 
value of microbial antagonism in the natural control of 
plant disease has been known to plant pathologists for several 
years (reviewed by 8, 34, 36). Bacterization of soil with 
specific antagonistic organisms has been found to result in 
reduced infection in a number of cases (22, 24). Bacteriza- 
tion of seed has also been effective in a few instances (11, 
25). Parker (27) reports reduced infection from Fire Blight 
in pears by spraying blossoms with baéte rts found antagonistic 
to E. amylovora in culture. Brown and Boyle (4) report that 
weak solutions of penicillin completely destroyed galls 
caused by Agrobacterium tumefaciens on Bryophyllum when the 
galls were wrapped in cotton soaked in the solution and 
punctured with needles pushed through the wet cotton. Rudolf 
(29) reports the failure of venicillin to control Erwinia 
amylovora or Xanthomonas juglandis infections on pear and 
walnut trees, respectively, by injection of the solution into 


the trunks, though the two pathogens were susceptible in 
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plate tests.* Timonin (32) found patulin to be ineffective 
in reducing loose smut damage to wheat, though both the 

spores and mycelium of U. tritici were susceptible in vitro. 
This is the only report of the use of an antibiotic against 


a seed-borne pathogen in vivo that the author is aware of. 


INFECTION OF BARLEY WITH X. TRANSLUCENS 


Exploratory Studies 


It was necessary to find a method of infesting 
seed with X. translucens which would result in a high per- 
centage of infected seedlings and which would not be too 
laborious. This would exclude Hagborg's (12) method where- 
by each seed is first smeared with the organism and then 
immersed in a suspension of it. 

It was hoped that seed obtained in 1944 from a 


field at Flatbush, Alberta, showing a high proportion of 


* Since the preparation of this manuscript two other reports 
of the use of antibiotics against phytopathogens in vivo 
have come to my attention. Brown and Heep (Science 104: 
208, 1946) report complete disinfection of budwood infected 
with Phytomonas pruni by the use of Streptomycin. Leben 
and Keitt (Phytopath. 57:14, 1947, Abst.) report infection 
of apple leaves by Venturia inequalis to be prevented or 
reduced by the application of an active ethanol fraction 
obtained from cultures of Streptomyces sp. 
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Bacterial Blight, would be useful without any additional 
treatment. This seed is hereinafter referred to as Flatbush 
seed. Repeated plantings in the greenhouse, however, 
failed to give plants showing any signs of typical water~ 
soaked X. translucens lesions. This seed, sown in outside 
plots in 1946, gave 1 to 2% of blighted plants. 

Attempts were made to infest seed artificially with 
Xan. 190, using an adaptation of Tapke's and Bever's spore- 
suspension method (31). Seed of Titan barley was treated 
for one hour with 1:320 formaldehyde, then rinsed for one-half 
hour in running water in order to split the hulls and loosen 
them around the caryopses, and then spread out to dry. 
Following this, it was treated with a water-suspension of 
Xan. 190 for 15 minutes, after which it was put in beakers 
and stored for 24 hours at 25°C. in air-tight cans with wet 
paper towels on the bottom. The seed was then dried and 
sown in pots of a steam=-sterilized, 3:1 soil-sand mixture, 
The pots were kept at 10°C. for four days, then at 20°C. for 
six days, after which they were placed on benches in the 
greenhouses. No lesions could be found on the plants after 
24 days, though there was some reduction in emergence in the 
infested series compared with the check, 

Flatbush seed was known to be of a susceptible 
variety and so attempts were made to infest it with Xan. 190, 


In one trial surface-sterilized seed was Placed in Petri 
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dishes containing about 10 ml. of a bran-extract culture of 
Xan. 190. After several days' incubation, the seed was sown 
in steamed 3:1 soil. In a second trial, hulled* surface- 
sterilized seed was soaked for three hours in a bran=-extract 
culture of Xan. 190, after which it was sown in steamed 3:1 
soil. In neither of these saetdoate were any lesions found 
on the emerged seedlings. 

An attempt at soil inoculation with Xan. 190 was 
also made. Xan. 190 was grown in a 10% ground barley medium 

which was then placed on the surface of pots of steamed soil. 

Flatbush seed was placed on the surface of the inoculum which 
was then covered with steamed soil. No lesions were observed 
on the resulting seedlings. 

Partial vacuum methods, using Flatbush seed and 
Xan. 190, were then tried. Seed was placed in a nutrient 
broth culture of Xan. 190 in a suction flask which was then 
attached to a water vacuum pump for one-half hour. After 
treatment, the broth was poured off and the seed kept at 10°%6. 
for five days, after which it was sown in steamed 3:1 soil. 
A non=-hulled and an acid-hulled series were run. Readings 
taken two weeks after sowing showed no lesions evident, 


though there was a difference in emergence in the non=-hulled 


* Hulled seed refers to seed with the hulls removed. Non- 
hulled seed refers to seed with the hull still on. 
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series, as follows: 

Untreated check ....... cocvcce 401 

Sterile broth check ..ccee.ee- 58D 

Kan. 190 broth eecccccccccsces GOS 

The acid-hulled series showed lower emergence as 
was to be expected, but there were no differences within the 
series. 

To see whether temperature of germination might have 
some effect on infection with Xan. 190 the following test was 
carried out. Hand-hulled Flatbush seed was injured by 
scratching the embryo or endosperm with a needle. The seed 
was then partial-vacuum treated for one-half hour with a 
water-suspension of Xan. 190. It was then sown in 3:1 
steamed soil at temperatures of 15°, 20°, 25°, and 30°%., 
using the greenhouse temperature tanks. Differences were 
noted between the germination of the various injury treat- 
ments and some slight differences were also noted between the 
various temperatures. No lesions were noted except for one 
seedling growing in the embryo-injured 30°C. series. 

An experiment in which uninjured 0.A.C.21 barley, 
hulled and non=hulled was vacuum treated with a broth culture 
of Xan. 190 for one-half hour was also made. After treatment 
the seed was sown in small cardboard boxes containing steamed 
5:1 soil. The boxes, 33" x 43" x 13", were made by folding 


and stapling at the corners a sheet of cardboard 6" x 7", 
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Twenty-five seeds were sown per box, and the boxes were 
incubated at 35°C. for four dayse No lesioned seedlings 


were found. 


Infection of Barley Using a Modified 


Wallin Technique 


A search of the literature did not reveal any 
information on inoculation of seed with X. translucens using 
partial vacuum methods. Dr. Je R.Wallin of Iowa State 
College, in correspondence, recommended "placing hulled, 
wounded seeds in a flask of bacterial suspension, attaching 
a water vacuum pump to the flask for five minutes, and then 
allowing the seed to soak for an hour following the vacuum 
treatment." He also suggested trying a new isolate of 
X. translucens hordei or cerealis, since his best results 
were obtained with pereniien This correspondence was con= 
current with the publication of the technique by Wallin (39). 
| Since the greatest possible amount of infection was 
desirable, all the factors tending to give the greatest 
infection in Wallin's (39) study were adopted; these included 
soaking the seed for 24 hours after treatment and germinating 
them at 35°C. Since our tests using a half-hour vacuum 
treatment produced no infection, the treatment was increased 


to one hour. Seeds were sterilized for 15 minutes with a 
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0.3% solution of calcium hypochlorite before treatment. The 
inoculum used was a water suspension of X, translucens f. sp. 
cerealis obtained from Dr. W. A.F. Hagborg and hereinafter 
referred to as Xan. 1015. The treated seeds were sown in 
5:1 steamed soil in the aforementioned cardboard boxes at 
the rate of 25 seeds per box, and germinated at 3ba Ga 
Examination of the seedlings five days later revealeda very 
high percentage of seedlings showing typical water-soaked 
lesions. Later trials showed 30°C. to be a satisfactory 
germination temperature, and the use of a 1:1 steamed soil 
largely eliminated crusting of the soil surface. For all 
subsequent work the modified Wallin technique described above 
was adopted and, since Xan. 1015 gave such good results, it 
was the pathogen adopted except where otherwise noted. Xan. 
190 was, however, retained as the test organism for plate 
tests because of its quick growing ability and the production 
of sharp, easy-to-measure halos. Xan. 190 differs from the 
other Xanthomonas translucens strains in colony appearance 
on P.DeA. slants in having at first a creamy white color, 
after which golden yellow streaks appear in the colony which 
soon after assumes the typical golden color. Ali the other 
strains show the typical color from the beginning. 

In view of the success obtained using the modified 
Wallin technique it is rather difficult to account for the 


previous negative results. Leaf inoculations hsd shown Xan. 
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190 to be pathogenic though perhaps not as pathogenic as 
Xan. 1017, the other culture of hordei-avenae available. 
That the reason for failure was not entirely pathogenicity 
was shown by the following experiment. Using the modified 
Wallin technique, 0.A.C.21 barley was infested with Xan. 190 
and three other strains. One hundred seeds were used per 


treatment. The results are presented below. 


No. of seedlings No. of lesioned 
Inoculum emerged seedlings 
Xan. 190 64 19 
Xan. 1017 46 58 
Xan. 1016 49 43 
Xan. 1018 57 50 


Though it is evident from both the number of 
emerged and lesioned seedlings that Xan. 190 is not as patho- 
genic as are the other strains, it is reasonable to assume 
that some lesioned scat rars should have appeared with the 
earlier vacuum methods. Failure to do so is probably 
attributable to the shorter one-half-hour treatment and the 
absence of soaking for 24 hours after treatment. Drying of 
the seed after treatment in the earlier methods probably hed 


no effect, as will be seen from subsequent data. 
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EFFECT OF A32 STALED MEDIA ON INFECTION OF 
BARLEY WITH X. TRANSLUCENS 


To see whether staled .03% asparagine medium had 
any effect on infection of 0.A.C.21 barley with Xan. 1015, 
staled medium was added to the infestation medium and the 
seed was then infested using the modified Wallin technique. 
One hundred seeds were used per treatment. The results are 


presented in Table XXV. 


TABLE XXV 


Effect of staled A3S2 medium on the ability 
of Xan. 1015 to infect barley seedlings 


No. of seedlings No. of lesioned 


Treatment emerged seedlings 
100 ml. distilled H50 54 @) 


100 ml. distilled H50 + 
20 ml. staled medium 75 O 


100 ml. Xan.1015 suspension 36 6 


100 ml. Xan.1015 suspension 
+ 20 ml. staled medium 47 15 


It would appear from the infection data that staled 
medium seemed to increase infection. The increase in emer-= 


gence, however, must be considered in the disease picture. 
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Wallin (39) found X. translucens cerealis to decrease ger- 
mination of barley, especially at higher temperatures. This 
is confirmed by our results. The foregoing results also 
strikingly confirm the non=-phytotoxic property of Ad2. This 
is especially marked since the particular lot of seed used 
had the embryo quite badly injured, and A32, if phytotoxic, 
would have had particularly favorable seed to work one Adz 
seems to have a protective effect. 

In a second experiment care was taken not to injure 
the embryo too much by scratching it on the side rather than 
directly across the face of the coleoptile. Two varieties, 
0.A.C.e21 and White Hulless, were usede To 100 ml. of a 
water suspension of Xan. 1015, 25 ml. of staled medium were 
added. The seed was then infested using the modified Wallin 
techni que and 100 seeds per treatment. The results are 


presented in Table XXVI. 


TABLE XXVI 


Effect of staled AS2 medium on the ability of 
Xan. 1015 to infect barley seedlings 


No. of seedlings No. of lesioned Disease 


Treatment emerged seedlings rating 
OAC eel 

Zan. 1015 + A252 70 19 29 
Xan. 1015 Sr 14 43 


White Hulless 


Xan. 1615 + A32 75 al 28 
_Xan. 1015 46 5 og 
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In this experiment again there is seen the benefi- 
cial effect of A352 on the emergence in both varieties. In 
order to evaluate the effect of increased emergence in the 
disease picture a somewhat arbitrary method was adopted to 
arrive at a disease rating. A figure of 80 was taken as the 
normal germinability of uninfested damaged seed. The same 
lot of seed was used throughout the investigation and it will 
be seen from this and other experiments that 80 is not too 
high a figure. All emerged seedlings not showing lesions 
were considered as healthy. The number of healthy seed- 
lings was taken from 80 to give the number of "diseased" 
seedlings and this figure was used as the disease rating. 
Using the first row of figures in Table XXVI the disease 
rating oe arrived at as follows: 


No. of seedlings emerged .......-++4 70 
No. ef lesioned seedlings ......0e« 19 


No. of healthy seedlings ......... 51 


Normal permination ...<s-scsscsees GO 
No. of healthy seedlings ...e.ccees OL 


Disease raving secs cec eee ec es OF 
On this basis it can be seen that A32 had a marked effect in 
reducing the infection in both varieties. 
It was desirable to know whether seed infested with 
Xan. 1015 and then dried would still produce lesioned seed- 
lings. This was particularly Pegires. since seed sown in 
the soaked-up condition after infection is very susceptible 


to molds etc., especially at 30°C. O.A.C.21 seed was 
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subjected to the modified Wallin technique using 100 ml. of 
water plus 25 ml. staled medium, 100 ml. of water suspension 
of Xan. 1015, and 100 ml. of a suspension of Xan. 1015 plus 
25 ml. of staled medium. One series was sown immediately 
after infection and the second series was dried for one week 
before being sown. One hundred seeds were used per treat-= 


ment. The results are presented in Table XXVII 


TABLE XXVITI 


Effect of staled AS2 medium on the infection 
of barley with Xan. 1015 sown wet or ary 


Sown wet Sown dry 
No. of No. No. of No. 


seedlings showing Disease seedlings showing Disease 


Treatment emerged lesions rating emerged lesions rating 


A3S2 78 e) a 80 0 6) 
Xan. 1015 ol 12 61 47 Loo 48 
XanolO015 + 

Ad2 735 59 46 74 26 oe 


* Not really disease but appears as such owing to method of 
arriving at disease rating. 


The results in Table XXVII show first that seed 
dried after infestation will still produce lesioned seedlings. 
Such pre-infested seed is obviously more satisfactory for 


experiments on control of the disease. The beneficial effects 
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of A32 medium on the disease rating are evident in both the 
wet- and dry-sown series. 

It had been noted in a previous test that barley 
seed vacuum<-treated with n-butanol for five minutes and then 
allowed to soak for 15 minutes, would not germinate. Use of 
butanol extract in this manner on prex=infested seed wuld be 
precluded as a control method. Pre-infested seed was sub- 
jected to various treatments in an attempt to control the 
disease. The treatments were as follows: 

1. Vacuum treated 1 hour in undiluted A32 staled 

.03% asparagine medium, then allowed to soak for 14 
hours. Sown in steamed 1:1 soil. 

2. Moistened seed was treated with 1:15 butanol- 
extract-Dixie-Clay powder (Table XXI). The seed was 
completely covered and the excess then shaken off. 

Sown in 1:1 steamed soil. 

Se Seed was sown in soil previously treated as 
follows: soldeme of sterile dry 1:1 soil had Ad2 
staled .03% asparagine medium run through them several 
times, after which soil was mixed half and half with 
more steamed 1:1 soil. 

4. Seed was sown directly in unsterile 1:1 soil. 

Se Seed was sown directly in sterile 1:1 soil 
(untreated check). 

One hundred and fifty seeds were sown per treatment. The 


results are presented in Table XXVIII. 
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TABLE XXVIII 


Effect of various treatments on barley 
pre-infested with Xan. 1015 


Number of Number of 

Treatment seedlings seedlings f I 
number emerged lesioned disease* emergence 
1 66 16 2462 44,0 

2 89 ay ; 5069 592d 

3 73 a La 15.1 | 48.7 

4 358 5 B lcse yal 2000 

5 (check) 88 54 5826 58.7 


* % disease = number of lesioned seedlings , 1090 


number of seedlings emerged 


The results are suggestive of certain lines of 
investigation that might be followed up. The 1:15 butanol- 
extract-Dixie-Clay powder appeared to reduce infection as 
did the soil treated with staled medium. Limitations of time 
did not allow any further tests to be carried out. Such 
tests should include studies on how long the active material 
is retained in sterile and unsterile soil, and also tests 
with other dilutions of butanol=<extract powder. 

EFFECT OF SUBTILIN ON INFECTION OF BARLEY 
BY X. TRANSLUCENS* 


While work was proceeding on the effect of A32 in 


* The experiments using subtilin in the control of infection 
have been published (10) with the approval of the Committee 
on Graduate Studies, University of Alberta. 
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reducing infection, it seemed desirable to test subtilin, 
to which X. translucens is susceptible, in this regard. 

In a preliminary experiment 0.A.0.21 barley was 
infested with a suspension of Xan. 1015 in a solution of 
1:1000 subtilin in distilled water. The following results 


were obtained: 


Seedlings Seedlings 
Treatment emerged - lesioned 
Distilled water 72 6) 
Xan. 1015 in water 52 | 26 
Xan. 1015 in 1:1000 subtilin 76 @) 


A more extensive experiment was undertaken using 
different dilutions of subtilin. The treated seed was sown 
in 1:1 soil in 6-inch flower pots. Twenty-five seeds per 
pot and 200 seeds were used per treatment. One series was 
sown in steamed soil and another series in unsterile soil. 
Two hundred seeds were sown per treatment. The pots were 
kept at 30°C. for 10 days after which notes were taken on 
the number of emerged and lesioned seedlings. The results 
are presented in Table XXIX. The pots yore then left on a 
greenhouse bench for 10 days longer, when a second count was 
made. No increase in emergence occurred in the sterile 
series, but there was some increase in the unsterile series. 


The second disease count gave results comparable to the 


firste 
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TABLE XXIX 


Effect of different dilutions of subtilin on the 
ability of Xan. 1015 to infect barley seedlings 


Xan. 1015 No. plants No. showing I 
in dilution of emerged lesions disease* 
Sterilized Soil 
1:1000 subtilin 120 if 0,8 
1:3000 " Ley 59 50.7 
1:5000 Lg 124 52 41.9 
Sterile distilled H50 83 59 47,0 
Unsterilized Soil 
1:1000 subtilin 7 a fe) 0.0 
1:3000 " 44 3 6.8 
1.35600 ® 59 15 25 24 
Sterile distilled E50 49 10 20 o4 


* , eh pe Number of seedlings showing lesions x 100 


Number of seedlings emerged 


It will be noted from the above table that 1:1000 
subtilin was almost completely effective in preventing 
infection by Xan. 1015 when applied simultaneously with the 
pathogen. Comparable infection trends were obteined in 
sterilized and unsterilized soil, though the percentages of 
infection are consistently lower in the unsterilized series. 
This is probably attributable to the action of the natural 
soil microflora, as has been reported for certain diseases 
of flax (14). The natural flora is also probably responsible 


for the low degree of emergence in the unsterilized series, 
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since the seed was sown in a soaked condition and kept at 
30°C., which outed make it susceptible to such action. The 
infection ratings in this test were based on the number of 
emerged seedlings. Had the reduction in emergence been taken 
into account,, as in the experiments using AS2 staled medium, 
the results would have been still more striking. 

It was desirable to know whether subtilin would 
also be effective when used on pre-infested seed. Such seed 
was treated with 1:1000 subtilin by two methods: 

1. Under partial vacuum for 1] hour and then 

allowed to soak in the solution for 20 to 24 hours. 
This is the same procedure as is used in infestation. 

2. Under partial vacuum for 15 minutes. The 
treated seed, together with an untreated check, was then 
sown at the rate of 350 seeds per treatment in steamed 
1:1 soil and kept at 30°C. Emergence and disease 
counts taken seven days later are presented in Table 
XXX o 

The results in Table XXX show that subtilin will 
reduce infection in pre-infested seed. The low emergence in 
the first treatment is probably due to the effect of two 
rather severe vacuum treatments, one during the infestation 


and the other in the application of subtilin. 
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TABLE XXX 


Effect of treating pre-infested barley seed with 
a 1:1000 dilution of subtilin 


nme eee aaa 


| Seedlings Seedlings I I 
Treatment emerged lesioned disease* emergence 
Vacuum treated 1 hour 
soaked 20-24 hours 165 29 17.6 47 el 
Vacuum treated 15 min. 261 90 5445 74.6 
Check 249 103 414 Flel 


rr A ELLE LLL LAL LL LOL LDL LE LLL LL 


a 4 itis te Number of lesioned seedlings x 100 


Number of seedlings emerged 
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GENERAL CONCLUSIONS AND DISCUSSION 


The work thus far carried on would seem to indicate 
that the antibiotic from A32 differs, in some respects at 
least, from antibiotic substances isolated from other strains 
of B. subtilis. It differs from subtilin (17) in several 
marked respects. Subtilin is found mainly within the cells 
of the organism and not in the cell-free filtrate as is the 
case with the antibiotic from A32. Subtilin is much more 
unstable than the substance from AS2. A strain of B. subtilis 
#2351, which is a known subtilin strain, has always produced 
a blue color reaction both under the conditions used by Jansen 
and Hirschmann (17) and under those obtaining in this inves- 
tigation. On the other hand, cultures of A352 have never, in 
the course of this work, given this color reaction. Moreover, 
the method of isolation of subtilin has not given satisfac- 
tory results with the antibiotic from A32, 

Because of limited data it is more difficult to 
evaluate differences between the antibiotic from A32 and 
bacillin (7) or bacitracin (18). Both of these, like the 
substance from A32, are found mainly in the cell-free filtrate. 
Bacillin is removable from the culture filtrate by activated 
charcoal. Unlike the substance from A32, however, it can be 
removed from the charcoal by éthanol or methanol. Bacitracin 


can be extracted from the medium by n-butanol as can the 
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substance from A32. Bacitracin is found to produce its maxi- 
mum titre after 3 to 5 days at 37°C. Time-temperature 
studies in the case of A32 show its maximum activity to be 
reached in about 10 days. 

The use of antibacterial spectra in the differen- 
tiation of antibiotics is not always very reliable when 
trying to compare the results of different investigations. 
Just as the formation of antibiotics is dependent upon strain, 
so is the susceptibility or resistance of a given test organ- 
ism dependent upon strain. The test organisms used by the 
different investigators must be of the same strain in order 
that comparisons may be reliable. The use of avtionet test 
media by different investigators also makes comparisons 
questionable. This is well illustrated in the case of 
Bachilins where Foster and Woodruff (7) find the presence of 
complex natural materials in the test agar to reduce 
greatly or abolish the antibacterial properties of the anti- 
biotic. It is also illustrated in a small way by our experi- 
ence with Aerobacillus polymyxa and the substance from Ade: 
tested on nutrient agar, no or negligible halos were obtained, 
whereas on potato=dextrose agar considerable activity was 
evident. Antibacterial spectra, to be of much use in estab- 
lishing the identity of antibiotics from the same species, 
should be carried out using identical strains of test organisms. 
A variety of methods of testing, as well as a variety of media, 


should be employed. 
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As previously suggested, it may quite possibly be 
that several substances contribute to the antibiotic effect 
of A32 cultures as has been suggested for subtilin (17). 
Foster and Woodruff also suggest (7) that their bacillin 
strain of B. subtilis produces two distinct substances, 
depending on the culture medium used. It may easily be that 
the antibiotics from different strains of a species contain 
certain substances in common, or that different antibiotics 
contain different proportions of the same substances. 

The substance thus far obtained from A32 is not in 
a pure form. Further work of a chemical nature, especially 
on the butanol extract which contains all the activity of 
staled media, is necessary. Detailed studies on the pro=- 
bable effect of trace elements, or submerged aerated culture 
techniques on the production of the antibiotic are also 
desirable. 

This investigation was undertaken with the purpose 
in view of finding a substance of practical value for the 
treatment of seed. The selection of A32 as the antagonist to 
work with was based partially on its effect on the seed- 
borne phytopathogen, X. translucens. In the antibacterial 
tests it proved to be effective under the conditions used 
against a number of phytopathogens including several other 
seed-borne ones. 

Use of the antibiotic from A32 in experiments on 


the control of Bacterial Blight due to X. translucens was 
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held up owing to the failure of all methods to give success-~ 
ful infection of seed. The use of the modified Wallin tech- 
nique overcame this difficulty. The results so far obtained 
are suggestive. Crude filtrates from AS2 were effective in 
reducing damage due to Bacterial Blight and, in one case, 
subtilin was found to prevent the disease from appearing at 
all. It must be remembered that, in the case of A32, unpuri- 
fied or at least relatively crude material was used. The 
results with A32 are thus perhaps even more suggestive than 
those using subtilin. It is not implied that the results 

are immediately applicable in the treatment of seed, for it 
is realized that the method used was a highly artificial one. 
The results do indicate, however, that with future refine- 
ments of technique, both in production and application, seed 
treatment with antibiotics may have practical possibilities. 
The use of methods such as were used in this investigation 
would seem, however, to provide results that are more reli- 
able for assessing the practical value of antibiotics 

against seed-borne bacterial (and perhaps fungal) pathogens 
than those obtained from plate tests alone. 

Use of antibiotics in the field of plant disease 
has, it would appear, definite possibilities. It is not at 
@11l unlikely that success so far obtained by the use of 
antagonistic organisms in the control of plant diseases has 
been due, in considerable measure, to the antibiotic substances 


produced by these organisms. 
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In the field of medicine the use of antibiotics as 
therapeutic agents is a relatively new development. The pro= 
gress made up to the present has been made under the stimulus 
of war ane also because a single human or animal is quite 
vealueble. The progress, however, has been due to a great 
deal of research, whole laboratories being engaged on such 
work as the finding of better producing strains, better methods 
of isolation and purification or clinical use, etc. In the 
plant disease field the use of antibiotics is in an early 
stage. There are a great many difficulties to be overcome 
and we should not expect that they will be overcome without a 
great deal of research. 

Some of the problems to be considered are these: 
the antibiotic must not be toxics; it must not lose its effect- 
iveness when in contact with plants, with microorganisms, or 
with the soil; it must be stable under a wide range of con- 
ditions of temperature, moisture, aeration, reaction, and 
many other factors. The cost factor might be for a long time 
more limiting than in animal diseases. The possibility of 
finding non-toxic or poisonous materials among the antibiotics 
is much greater than among the materials now in use to con- 
trol plant diseases. There is always too the possibility of 
combining the specificities of’ several antibiotics into one 
treatment. 

Though the whole field is yet in its infancy, the 


reports beginning to appear in the recent literature augur 
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well for its future. 


SUMMARY 


a This investigation was undertaken with a view to 
finding a substance of practical value for the treatment of 
seed. Forty antagonistic microorganisms, including bacteria, 


Actinomycetes, and Penicillia, were isolated from the soil. 


Zo One of the antagonists, A32, was chosen for study 
on the basis of its non-phytotoxic property and its antagonism 


to Xanthomonas translucens (Xan. 190). 


oie A352 was identified as a typical rough strain of 


Bacillus subtilis. 


46 The agar=plate paper-dise method, using Xan. 190 


as the test organism, was adopted for assay purposes. 


De A32 was found to grow and produce cultures with 
antibiotic activity on a number of media. The medium finally 
adopted was a modified subtilin medium containing .03% aspa- 


ragine. 


6 The amount of exposed surface area of medium was 
found to be important in the production of the antibiotic with 


Shallow layers giving the best results. 
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7. An incubation period of 6 to 10 days and an incu- 
bation temperature of 30°C. were found to be optimum for the 


production of the antibiotic. 


8. The activity of cultures was retained much longer 


at lower than at higher incubation temperatures. 


9. The antibiotic is elaborated in the early part of 
the growth of the cultures and is not a product of cell break- 


down. 


TO. | Accumulation of end products does not seem to be a 
factor in decreasing the activity of cultures. Prolonged 
exposure to elevated temperatures appears to be a chief factor 


ef inactivation. 


EBS Exploratory methods of extraction of the antibiotic 
are described. An n-butanol extraction method was finally 


adopted. 


hee The antibiotic was adsorbed very well by activated 
alumina md charcoal and by various soils. No satisfactory 


method for its elution from the adsorbents was found. 


15. The antibiotic proved active in plate tests against 


a number of bacteria including several phytopathogens. 


14, The antibiotic from A32 and subtilin were both found 


to be bacteriostatic in their action against Xan. 190. 
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15. Several factors were found to affect the width of 
halo produced in the paper-dise method of assay. The nature 
of the seed suspension and the time elapsing between the pre- 
paretion of the plate and the application of the antibiotic 
were the most important of these. Experience has shown the 


depth of the agar in the plate to be a factor as well. 


16. The antibiotic is relatively thermostable at tem- 
peratures below 100°c. but less so at temperatures over 100°C. 
It was found to be stable for long periods at 6° to 79°C. as 
well as when frozen in the crude state. It was shown to be 
most stable at a pH of 5 to 8, and was also shown to be 


relatively tolerant to dilution. 


a ae A32 was found to differ in several respects from the 


subtilin strain of B. subtilis #231. 


18.6 The antibiotic from A32 differs from subtilin in 


several resvects. 


19. A modified Wallin technique proved to be a satis- 
factory method of inoculating barley seed with X. translucens 


for the production of Bacterial Stripe in the seedlings. 


20 « The severity of Bacterial Stripe infection was 
reduced by treatment of seed with media staled by A32 applied 
either during the seed inoculation process or to seed pre- 


viously infested with X. translucens. 
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2le Pure subtilin in sterile distilled water applied to 
seed in a similar manner was also effective in reducing 


Bacterial Stripe infection. 
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